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LOI TUA 

C/uing to dang bitac vao thbi ky cong nghiep hoa, hUn dai hoa dot 
nude. Tu dong hoa dong mot vai tro quan trong trong nhiem vu trong dai 
nay. 

Dc viec chon h/a va i/ng dung ky thu&t nidi co (lieu qua, doi hoi phai 
nnm duoc nhi/ng nguyen ly g'O ban. Cong cu de thi/e kien co the ng'ay edng 
boon thien lion nfutng nguyen ly co ban van khdng they doi. 

Clio den nay tdi lieu bdng tieng Viet ve dieu khien toi itu va thick 
nghi con qua it. Do do tdc gid viet tdp sack nay nhdm phuc vu sink uiin 
va tighten ciiu sinh trong nha trubng cung nhu cac ky sit, can bd ky thuqt. 
d car co so sdn xuat trong link ui/c di'cu khien tu ddng. Sack gom ba phdn 
nhu sau: 

Phan mot de cap den ede phuong phdp thdng dung ua gidn don de 
xoc dinh thong so toi i/u cua ede co edit dieu khien noi chung hay ede bo 
dieu chink noi rieng - van de co ban vd thudng gap cua. ede hi dieu khien 
va dieu chi till. 

Phan hai dd cap den van de di'iu khien toi uu, chu yiu la car plu/ong 
pimp dd duoc dp dung ph6 bien d ede he diiu khii'n trong dieu kien cu 
the. Do la phUang phdp quy hoqch dong cua Bellman , nguyen ly cue dai 
cua Ponlryagin, i/ng dung cua phuong trinh Ric.atti trong vide tong hop ede 
he dieu khien vd dieu chink. 

Tinng hai phdn nay co neu kha nhieu vi du, co khi cung mdt vi du, 
each giai bdi loan duoc dung cac phuong phdp khde nhau nhdm muc dich 
cung co kien thuc uit nit ra nidi lien he gif/a cluing. 

Phdn ba de cap tdi dieu khien thick nghi, vein de ti/ong doi phong 
phu, da dang vd thudng gap kho khan trong vice he thong hoa. Vi vdy d 
day chi di sdu vao mdt s6 vi du dicn liinh v'a ndu Idn ede phuong phdp 
chink de til do nghien ci/u ede he khde nhau. Phuong phdp tong qudt hoa 
cac he thick nghi theo mot quan diem thdng nhdt co y nghia Ion doi vdt 
veu chu toi \/u hoa trong di'cu kien h/qng thdng tin ban dau la it nhdt. 
Tdc dd i/ng dung phuong phap dieu khii.n thick nghi ng'ay edng Ion, mang 
lai hieu qua kink tc ky thuqt ngdy rang cao. 

Tdc gid cam on ede ban dong nghiep, ede can bo thude Nha xuat ban 
kfioa hoc v'a ky thuqt dd giiip do thief tlu/c di hoan thank duqc tap sack 
nay. 


T&c gia 
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DAT VAN DE 


De lam ro muc tieu cung nhu thong nhat. tit dau nhdng khai niem, dinh 
nghia, each mo Li v.v... La lay vi du ve dieu khife’n dien ap cua may phat nhit 
d h. 1- 1. 


Dion, ap u phu thude dong dien kich til i kt va phu tai (the hien bang i 1( ). 
Neu kich tu va phu taj khong doi. tdc do quay cua may phat a> khong ddi thi 
dien ap may phat khong ddi. Khi _^ [ , 


thay doi phu t&i. muon gid oho 
dien ap may phat nhit cu hoac 
thay doi trong phani vi nhd vdi 
phu tai khac nhau, can thay ddi 
dong kich tit. tang dong kich tit 
khi dien ap may phat giim va 
giant dong kich tit khi dien ap 
may phat tang. 

Thay ddi dong kich tit ed the 
ditac thitc hien bang each thay 
ddi vi tri con tritqt tthay ddi 
thong so dien trd mach kich titj 
hay thay ddi dien ap kich tit (thay 
ddi tin hieu dieu khien mach kich 
tit). Co cau dieu khidn hay ca cau 



dieu chinh se thuc. hien chdc nang tren. 


So do tong quat mot he dieu khien nhit d hinh 1*2. He dieu khien (HDK) 
co the hd hay kin, d do y - tin hieu ditqc dieu khien (trong vi du tren la dien 
up uh x - tin hieu dieu khien. Trong tritdng hop dieu ehmh dien ap d vi du 
tren (h i - 1), HDK la he km, 


ngoai doi titpng dieu khien 


f 


la may phat con rri bo dieu 



(—) 

chinh se do cap d cac phan x 



sau y M - tin hieu mong 

h tin 

y 


muon, e = y i( - v - tin hieu 
sai lech. Trong he dieu 
chinh. y , la khong doi hay 




CCD 


Htnh 1-2. 





bien ddi theo mot quy luat djnh trade do co cau dat (CCD) xac dinh. Nhn khi 
can thay ddi nhiet do lb theo mot quy luat nao do b qua trinh nung, say trong 
he dieu chinh nhiet do (hi y ( la dau ra cua mot co c&u dat chudng trinh. 6 
cac he dieu khien noi ehung, CCD la mot bo loc co' tin hieu ra vUctt trade, 
chain sau hay theo mot quy luat nao do. 

Co cau dieu chinh d cac 
ho dieu chinh la co cau hieu 
chinh eungvdi cac khuech dai, 
bo dieu chinh hay to hop cua 
chung ciing nhd may tinh 
rung cac thiet. bi chuyen ddi 
along tu - so (AD) so - tUdng 
ru (DA). (king cu de thur hien 
('b the khac nhau ve ban chat vat. ly, Cong nghe cang phat trien, cong cu cang 

t. inh xao nhUng nguydn ly boat dong cua he thong vdn khong thay ddi. Tren 
h 1-3 la so dd khni mot. he dieu chinh hay he tuy dong thubng gap trong t.huc 
te 

Trong trUdng hop chung, ddi tuqng dieu khien (hay dieu chinh) la mot 
ro hop cac ddi tuong cung hay khac nhau ve ban chat, vat ly va cac tin hieu 

u. t. y vv... la cac vectd (b he thong ldn). 

Mot. he dieu khien lam viec tot la he luon d trang thai toi Uu theo mot 
nghia nao dd. Trang thai toi Uu co dat. duoc hay khong tuy thuoc vao yeu cau 
chat luqng dat ra. tuy thuoc vao sU hieu hiet ve ddi tUdng va cac tac dong 
ddi vdi ddi tUdng, tuy thuoc vao dieu kien lam viec cua he dieu khien 

Chat, hfdng cua mot he cd the duac danh gia theo sai lech cua daj lUdng 
di/qc dieu khien y so vdi tri so mong muon y , lifting qua dieu chinh (tri so 
nfc dai y so vdi tri so xac lap y(<») t.inh theo phan tram d thdi ky qua do) 
rhdi gian qua do v v... hay theo mot chi tieu hon hap trong dieu kien lam viec 
nhat dinh nhu han che ve cong suat. ve toe do, gia toe v.v. , Do dd viec chon 
mot luat dieu khien va ed cau dieu khien de dat dude che do lam viec toi ifu 
rdn tuy thuoc vao lUdng thong tin han dau ma ta co dtidc. 

Cubn siich nay se de cap den van de dieu khien toi Uu theo nufc do co 
dUdc ve lUdng thong tin han dau can thiet. 
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Phan I 


Chat lUdng toi uu thuong gap 


Trude khi nghien cdu cac phUrtng phap hien dai de toi uu hoa cac he dieu 
khien, car qua t.rinh. can nhac den cac phifdng phap thuong dung t.rong t.hpc 
re de tinh toan cac he dieu chinh, cac he tiiy dong thuong gap. Muc tieu la 
xac dinh cac thong so toi Uu cua cac bp dieu chinh. 

Tinh toan dupe thvfr hien chu you cho cac he tuyen tinh. 

LI CHAT LLTONG CUA HE DIEU CHINH Tli DONG 

Trong vi du dau tien, doi tUpng la mot may phat mot ehiou, khi co nhieu 
tar dong, dien ap may phat se giAm nhU d h i - 1. Nhiem vu cua bp dieu chinh 
la lam sao de dien ap u trd lai tri so mong muon ban dau sau mot thdi gian 
qua dp. Thtfc te la dien ap cudi rung dat dupc tiiy fhupc vao bp dieu chinh 
da chon, sau khi da on dinh d trang thai xac lap so co mot sai so nao do so 
voi tri so mong muon. Do la chat lifting tinh dupe danh gia bang sai sP tinh. 

Trong qua trinh qua do, chat lupng ciing dupe danh gia bpi thdi khoang 
diPn ra qua tnnh qua do la dai hay ngan, lupng qua dieu chinh co' nam trong 
pham vi cho phep khong v.v... Tiiy thupc vao he cu the ma yeu cau ve chat 
lupng duor danh gia cu the. 

1.1.1 CHAT LLTONG TINH 

C) he dieu chinh, chat lupng tinh dupe danh gia t.heo sai lech tinh: 
s = lim elt) = ei oc i 

i — x 

Trong trudng hop rhung, neu ccJ cau dieu khien va doi t.Upng dieu khien 
od ham truyen dat tuong Ung vdfi: 

Wl P» = W dL ( P' W d| ( P' 

thi th eo dinh ly t.di han. sai lech tinh dupe xac dinh bdi; 

s = lim eit l = limp Eip) (1-1) 

l *-.c [1 (1 
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va theo so do khoi cif h. 1 - 3 


E(p) =- 


X(p) 


( 1 - 2 ) 


1 + w dk (p) w dl (p) 

Nhu vay, theo (1-1) va (1-2) sai l6ch tinh phu thuoc vao can true va 
thong so cua he thong eiing nhu tin hieu vao. 0 cac he dieu chinh, khi tin 
hiou vao co' dang ban t.hang defn vi (dai ltfdng t.uong doi) x(t) = l(t); x(l) -r 
1 

.X'P* = -■ -thi: 


1 

s = lim - 

p - o 1 -I- W(p) 


( 1 - 3 > 


Vi du I. 

Khi he thong la mot khau quan tinh gian don thi: 

1 Tp + 1 1 

s = lim ---= lim - : - =- (1-4) 

P -*• o K. \\ -*■ 0 Tp 4- 1 4- K 1 + K 

1 + - F 

Tp +■ 1 

Sai lech tinh ty le ngUde vefi he so khuech dai K: muon gihm sai lech tinh 
can tang he so khuech dai cua he thong . 

Vi du 2. 

Khi he thong, ngoai quan tinh con co mot. khau tich phan. nhtf d cac bo 
dieu chinh tich phan <1,1 chhng ban thi: 

l p(Tp 4- 1) 

ri - lim - = lim — : --- =0 (1-5) 

P -» o K p ii p(Tp 4- 1) 4- K 

1 4-- 

p(Tp 4- 1) 

Sai lech tinh khbng ton tai va he noi tren la vo sai tinh. 


Vi du 

V6i he ro mot khau quan tinh va khau tich phan nhu d vi du 2, neu tin 
hieu vao bien doi tuyen tinh theo thbi gian ix = t; x(p) = —) thi sai lech 


tinh se la: 


s — lim -- 

r * n 14- 


K 


p(T r 4- 1) 
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, p(Tp + l) 1 

lim- 

P -► a p(Tp 4- 11 + K p 


1 

— (1-G) 
K 



He tren khong con la vo sai tinh ma sai lech tlnh vdn ton tai va ty le 
ngifdc vdi he so khuech dai. 

Nhtf vay neu hiet can true va thong so cua he cung nhu dang tin hieu 
vao, ta tinh dupe sai lech tinh cua he dieu khien so vcfi tri so mong muon d 
irang thai xar lap. 


1.1.2 CHAT LLTONG OClNG 

("hat luqng dong co the danh gia bang tinh toan hay bang phirong phap 
do thi nhifng chi gan dung hoac mat nhieu thdi gian. Neu hiet cau true va 
(hong so cua he, phuong phap mo hinh hda tren may tinh vita nhanh chring. 
vha du chinh xac. Bang thilc nghiem tren he t.hife, viec danh gia trite tiep 
chat lining dong eang thufm loi. 

Tren h 1-4 la ham qua do h(t) (dap ling cua he khi tin hieu vao la bac 
thang don vj <x(t» = 1(1 >) vdi rac chi tieu chat lilting dong sau: 

- Lifrrng qua dieu chinh 


- h(<x»i 


100 


hi oo i 

- Thdi gian qua do t (|il la thdi gian diftic tinh tit luc ham qua dp diftic 
\om la khdng lorn hem mien sai so ±JV/ hi^ci. 

l)o tac dong 
nhanh cua he 
diftic danh gia 
hnng l m - thdi 
gian dap ting, thdi 
diem mil ham qua 
dp dat d it tic tri so 
h( 'c \ lan dau tien. 

t r la thdi 
ifirm ma ham qua 
itn i■ (j tri so cite 

L ^ ,n ^ ni < LX Hinh 1-4. 

- n la so lan 

■ lan dong quanh tri so xac lap hi oof triftie khi "ket. t.huc" qua trinh qua dp. 





1.1.3. chAt litong h6n hop 

O mot miic do nao do, chat lifting dong va tinh co the diftic danh gia theo 
chi tidu hon hop. Phifting phap danh gia nay rat t.huan lpi trong tinh toan va 
thifc nghidm de phan tich va tong hop cac ho toi ifti. 

Neu lifting ra httMvaciing vtii no sai Idrhe(t)) khong dao dong quanh tri 
sd xac lap hi°°). dimg tidu chuan tich phan dang: 


X 



J = f eft Kit 

0 

(1-7) 

Khi co dao dong, tidu chuan trdn khong dung diftic 
hop thanh bdi e(t) va true hoanh t co dau khac nhau va 
the dung tidu chuan tich phan dang: 

(vi nhifng didn tich 
cd the bu nhau), cd 


•J, = ; |Hll| dt 

I) 

(1-8) 

hay 

rl-v = J e~(t) dt 

(1-9) 


0 


Tidu chuan (1-9) khac ( 1-8) d cho tidu chuan (1-9) xem nhe nhifng didn 
tich ho nhifng thuan Iqi hon trong tinh toan. 

Trong mot so t.rifdng hop ngifdi ta con dung cac tidu chuan khac nhti: 

J, = J" t | o(t) | dt (1-10) 

(k 

hay J 4 = / [e : (t) + or- J dt (1-11) 

ii dt 

u la trong sd de danh gia mrir do quan trong cua toe do hi on doi cua sai 
lech (cung nhif cua lifting ra) so vdi bmh phifong cua sai lech. 

Tuv thuoc vao muc dich cu the ilia chon tidu chuan nay hay tidu chuan 
khac. He so chat, lifting toi ifu diftic danh gia bkng cifc tidu cua cac phid'm 
ham (khac vdi khai nidm ve ham - bidn so la tri so; phidm ham - bid'n la mot 
ham) da chon Chung co the’ xac dinh bang thifc nghidm hay tinh loan trong 
mot thtii gian him han. 

1.2. CHON THONG SO TOI U1J CUA CO CAU OIEU KHIEN 

Vide chon cau true va thong so toi tfu cua bp dieu chinh noi rieng hay cti 
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oau dieu khien. <CCDK) noi ehung la bucfc quan trong cua bai toan tong hop 
ho dieu khien. O day chi de cap den mot so phiidng phap giAn ddn, thudng 
dung de chon thong so toi ifu theo mdt. chi lieu chat lUdng nhat dinh. 


1.2.1 PHLTONG PHAP DA THLTC OAC TRITNG CO H£ S6 SUY GlAM 
THAY Ddl DITOC [25] 

Cac he tuyen tmh co dac diem quan trong ve nguyen ly xop chdng nguyen 
nhan va hau quA. Dieu do cri nghla la neu cung mot luc he ohiu nhieu lac 
dong nhu tin hieu dieu khien va nhieu tHi anh hUcmg cua ehung co the dude 
nghien ctfu rieng biet. 

Dap dng dong hoc yit) cua mot. he khi co t.ac dong xit) co' the duoc mo 
ta theo phUdng trinh vi phan tong quat cho trudng hop he tuyen tinh nhu 

sau. 



,,x + h, — + .. • + 


( 1 - 12 ) 


O cac he t.hUc t.e. bar cua ve phAi khong the cao hdn bac cua v£ trai (M 

<: N>. 

d 

Hang each dung toan tit p = —, phudng trinh vi phan (1-12) cho phep 
xac dinh ham truycn dat: 


Yip) .b + b.p 4- 

Wipi = —— = -"_li- 

Xtp) a tl 4- ap + 

Oar tieu chuan on dinh chi 
cho phep xac dinh kha nang on 
dinh cua he theo (1-12) hay 
1 1-13) nhung khong cho phep 1 
danh gia dinh ludng chinh xac 
chat luong dong cua he. 
Phuang phap he sci suy giAm o, 
rhav doi dude, dUa vac da thilr 
eh nan bac 2 da dildc nghien 
oih) day du. do tong quat ho a 


( 1 - 12 ) 


+ 'K’P 


t>=0,2 



& 

Hlnh 1*5. 
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oho he bac cao hon[25]. 

Ham truyen cua he ban hai: 

a, a> ‘ u 

W(p) = ---, =-5-, (1-14) 

a n + a,p 4- a,p~ tu { ~ + 2£w () p + p z 

O day i>> - tan so rieng; 

£ - he so suy giam. Ham qua do vdi cac tri so cua £ khac nhau neu d 
h.l-f>. Co 3 tri so dac trUng cua £ nhu sau: 

a) t = 1 tri so nay clutfc chon vdi thbi gian qua dp la ngan nhat va khong 
oo qua dieu chinh. 

h) £ = 0,7 tri so nay t.iiong utng vdi lUOng qua dieu chinh kbo^ng 5 % 
va dupe xem la toi Uu trong linh vUc do ludng va dieu chinh cac doi tuong 
cong nghiep { theo tieu chuan 1-8), 

c) c = 0,5 trudng hop nay tuctng dng vdi do tac dong nhanh tot (t be) 
nhung lUOng qua dieu chinh ldn hdn, thudng dung trong cac he tuy dong 
'tuong Ung vdi tieu chuan 1-9). 

0 he ban hai. he so suy giam lien he vdi cac he so cua phUdng trinh dac 
trUng bang bieu thiir sau: 

4£ : = a j~/a a^ (1-15) 

Tuong tU nhu d he bac hai tren. trudng hop he bac N vdi ham truyen: 

W(p> - --r. (1-16) 

>\, + a ,P + a :P" + - + !1 nP 

la dung he so dar tiling 


: tt , = 


a. a. 


a n - l 5i n \ [ 


va tan so dac trUng: 


/X ] 4-* 1 

T it M - 1 71 va (1 - 18 \ ta nr> 


n + i 


Of 


<i, =- : </-> = 


( 1 - 17 ) 


( 1 - 18 » 


n- uu 


10 


n - t 



1.2.1.1 Dac diem cua da thuc dac trimg c6 he s 6 suy giAm lhay 
doi dLrdc 

Mot da thdc da cho ditdc xac dinh bang each cho mot tan so dac trtfng 
thd nhat oj ti va he so suy gihm a. Neu tan so thuf nhat co gia trj a> (l thi cac 
tan so khac dtfete xac dinh bang each nhan ke tiep nhau vdi a. 


Thitc vay. t.heo (1-18) va (1-10), vdi i/> n = 
a. a. 2 a 


ta co 


= cuu 


a. a.aj a (( a 
Tucfng tit nhu vay ta xac dinh: 


() }i 2 a l 


OJ . (X(r> , a~w U*OJ . 

o’ O o 


Do tinh car he so cua mot da thde, ta cho mot he so b^Lt ky bang 1 roi 
tuan tu tinh cac he so khac Vi du, khi cho a (1 = 1, cac he so khac co dtfdc 
bhng each chia cho cac tan so dac t.runvdi a 0 = 1. theo (1-18): 


-1 ■■ 1 

= {'j (i *nxoJ n = “ 

Tddng ttf nhu vay 
ta co cac he so: 

1 -1.-12 

1 „ , a t/j^ , 

tX ' 

NgUdc lai, neu 
icho tri/de a { = 1 cho 
he bac bon chang ban, 
cac he so cua phddng 
trinh dac t.rtfng xac 
dinh bhng each nhan 
vdi cac tan so dac 
trdng. Tinh ngtfdc lai. 
tit phai sang t.rai, ta 
00: 

.llnh 1-6. 
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a 3 1 * 

=-— = 1; = <* 

w , 

\ 2 *i ■» 

an = a^2 =« ty^ = <ruj u ~ 

Tddng tu nhu vay ta t.inh dugc 

c**Vu or°<Li \ rrVu 0 . 1 

Tit cac vi du tren, tan so dae tritng va can he so dugc xac dinh theo bieu 
thdc: 


° J n = 


a n =a' T,in " 


( 1 - 20 ) 


Tren h.1-6 co ham qua do vdi n khac nhau va ciing mot he so dac trUng 
<< = 1,75. Sxi khac 
nhau ciia cac ham 
qua do la khong 
Ion lam C h.1-7 * J0 
la ham qua do vdi 
a khac nhau cua 
he hae cao. Giong 
nhu & he hae 2 0,5 

<h 1-5) he so a co 
tinh chat cua he 
so suy giam trong 

o 

tritong hop co dao 
dong, a eang be, 
liidng qua dieu chinh o f A cang idn. 

Luang qua dieu chinh o r /<- lien he vdi a theo bieu thde thde nghiem sau: 

logUr%) = 4,8 - 2a (1-21) 

O hang 1-1 cho ket. quA 4 
tri so a va cr r 4 , cung nhit he so 
suy giam C cua he bae 2 ciing 
lviOng qua dieu chinh. Tri so a 
khong duqe be hon 1,6 va vdi a 
khoang bang 1,5 he tret nen mat 
on dinh. 


Bang 1-1 




L 

1.6 

40% 

0,3 

1,75 

20% 

0,45 

2 

6% 

0.7 

2.4 

1% 

0.9 



Hinh 1-7. 
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Thtii gian ham qua do dat raft' dai dupe tinh bang 

2,2 2,2a, 


( 1 - 22 ) 


1.2.1.2 Anh hirong cua ti> so ham truyen 

C) bieu thiie <1- 16). bat: cua tut so la. khong. Bac cf tit sd se lam tang ltfdng 
qua dieu chinh va giAm thbi gian t . De cd lifting qua dieu chinh cho trittic 
• ft. tuy t.huoc vao a (d <1-21) khi tOf so bac khongtina dung he so hieu dinh 
Khi tit so cua ham truyen cd bac mot 


Wlp> = 


* t , + a iP 
a + a.p + a>p- + 


( 1 - 22 ) 


thi a' — 1.5 + A -2— ice - 1,5), 


(1-24) 


in a v> n = a ik /a [ 

u tinh theo mau so cua bieu thtfc (1-23) va dung (1-24) de tinh lai a r6i 
xac dinh lifting qua dieu chinh theo (1-21). 

( i i N 

Thai gian t (J duoc hieu dinh theo t’ = 2,2 — — -- 

"o 2 w' n ’ 

\ 

Khi tit so cun ham truyen co bac hai: 


Wipi =. 


a ’n + a ’|P + 
a o 4- a.p +■ a,p : + 


thi bieu thiic hieu dinh la: 


(1 - 25) 


V = 1,5 + LG l' v 


<c* - 1.5), 


(1-26) 


nia at w — 


Phdi gian t ditpc hieu dinh theo: 


f = 2.2< _ 


OJ . UJ 


1.2.1.3. Vi du i>ng dung 

O h. 1-8, doi titpng dieu khien cd ham truyen dat: 


(1-27) 


w 4tl (p' 


(1 + p) 


(1-28) 
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Bo dieu chinh can x;ic dinh la 
ho t.y le vi tich phan PID, ham 
t.ruven tUdng ling vdi: 

K, + Kn + K,p" 
W Lk (pi = _!- '± -1L 


(1-29) 



ma cac he so K l can tinh (i — -1, 0, 1). 


Ham truyen cua he kin tren h.1-8 co' dang 
K., + K„p + K| P 2 


W K (p) =- 


pi 1 + p) 4 + K_| + K n p + I^p 2 
Da thdc dac tinh la: 

K h 4- (K n + l)p + (Kj 4- 4)p 2 4- 6p^ + 4p 4 + p^ = 0 
Nhu vay cac he so a se la: 

K_ p K n + 1, Kj + 4, 6, 4, 1 

/u . 

Hai tan so dac trdng cuoi cung 

(1-19) da dUdc xac dinh theo dieu kien bai toan da cho: 


va oj 4 cung nhii a 4 =~^~ theo (1- 18) 


= 4: 


= — = P5: a A = 


= 2,7 


*4 


chon ec' — 1,7 chang han. t.a xac djnh cac t&n s6 d&c trtfng con lai nhii sau: 
* 


cu 




if 


1,5 (U, 0,88 

= 0,88; w ] = —= —— = 0,52 


L7 


a 


1,7 


to 


0,52 


u> =—L = _ = 0,305 
l> 1,7 


Bay gib tinh cac he so a , a ( , a 2 con lai 

a 2 = a ^2 = 0 x 0,88 = 5,3 
a, = a 2 a>! = 5,3 x 0,52 — 2,74 

a n = ajW [( = 2,74 x 0,305 = 0,84 
Cuoi cung ket qua tinh toan nhu sau: 
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K_j 5 K (l +1; Kj +4; 6; 4; 1 



0,305; 

0,52; 

0,88; 

1,5; 

4 

a.: 

0,84; 

2,74; 

5,3; 

6 



Bo dieu chinh PID co cac thdng s6 sau: 

0,84 + l,74p + l,3p 2 
W dc (p) = - 

P 


(1-30) 


Theo (1-26) vdi a = 1,7 tinh lai a = 1,65, Bieu thdc (1-21) oho phep 
xac dinh o% = 32% va (1-27) cho ket qu&; = 4,4. 

Neu My a 1 = 1,8 ta tinh lai a. — 1,77 va o% = 18%, t’ f/ = 5,7. 

1.2.2. PHUONG PHAP BO HANG SO THCJI GIAN TR0> [2] 

1.2.2.1 Kh&i ni£m chung 

Trong cac he di£u khien cac doi titong cong nghidp, throng gap nhuing 
doi tvtdng co mot, hai hang so thdi gian Idn; trong khi ay, cd cau dieu khien 
chung cd d6 trd hay quan tinh r£t bd. Vi du d cac 16 nhi£t do thitdng cd quan 
tinh 16n, cac he di&u chinh t6c dd d6ng cd cd quan tinh didn tit va didn co 
ldn so vdi co c£u difeu khidn chung M tiristo cd d6 trd be. 

Trong nhilng tntdng hdp &y, neu chon cac bo dieu chinh cd khk nang bu 
trit nhtfng hang sd thdi gian ldn va d\ta h&m truyfcn cua he v£ dang (1-14) 
ta se cd ditdc mdt he toi ifu. He toi liu cd diiOc khi bu du cac hang s6 thdi 
gian troi va mddun cua d&c tinh tan hd kin doi vdi cac tan sd be la mot hdng: 

|W k (jca)| = 1 (1-31) 

nghia M khi to -> 0, mddun cua cac die tinh tkn. hd hd | W(]o>) | -* *> do dd 
trong hd ph&i cd kh&u tich phdn. Vdi t&n sd cao, dieu kidn (1-31) se khdng 
the thoa man ditdc va khi a> 0, do ton tai cac h&ng so tich ph&n Ti va hang 
so thdi gian be tit nhitng do tre be cua cd cau didu khien ma | W k (ju>) | -* 0. 
Tit dd, tan sd cat c&ng ldn cang tot. 

Tren co sd nay hinh thanh "tieu chuan phang” dd chon cac b6 dieu chinh 
va xac dinh thdng sd cua chung. 

L2.2.2 Tieu chutfn ’ph&ng' 1 

Tit nhCfng ydu c&u da ndu trdn, tidu chudn "ph&ng" doi hdi dftc tinh t&n 
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| W( ju>) | co dang "phang\ nghia la he cd hanh vi cua mot khau tich phan. 
Trtfbng hop tong quat. khi doi tuong cd dang; 


w.jpt = k n 


i ' n i> 
k =l ^ + I = 


1 + T hl p 


va bo dieu chinh eu dang: 


' W iu ( p i = n 11 + T jkp* 

ip k -1 

thi phai chon bp dieu chinh son oho: 


(1-32) 


U-33i 


Can ph&i bu nhbng hang so thbi gian ldn cua dbi tuong T^ k bang thong 
so T^ k cua bo dieu chinh Trong nhiing triidng hop. vi hang so thbi gian he 
chUa dung nhieu dp tre be cong lai: 


T h = V h T <1-35) 

i - J 

non khong dupe hii hang so thbi gian tuong duong vi nhu the he cd the 
mat on dinh (dac tinh pha cua khau tuong dUdng nay khong phai la dac tinh 
pha cua mot khau quart tinh). 

Neu so lupng cua car khau quan tinh cua doi tupng qua lbn n s > n ( thi 
oar hang so thbi gian trpi hon se dupe bu Uu tien va he khong con la toi Uu. 
Trong nhung t.rubng hop nhu vav phai dung phuong phap noi tiep cac bp dieu 
chinh hoac dung cac bp dieu chinh trang thai. 

Sau khi da bu. he hb cd dang nhu sail: 


b day con lai 


T, 


K 

W(pi = -- (1-33) 

pt ir <i + P T h i 

i = i 

- hang so tich phan cua bp dieu chinh ran dupe: xac, dinh 


Ham t.ruven cua he kin sau khi da bu cd dang; 


1 

W,<p) =-— 

k 1 

1 4 - 

W(p) 


1 

pt ( rpi + pT h| ) 

I = l 

_____ 


<1-37) 
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Binh phtfcmg modun cua dac litih tan dUdc xac dinh bcJi: 

W^-(ju>) = W^( jty)W(- \(v ) =, 



He thda man dieu kien 11-31) 
thi ve thii hai d mau so cua bieu 
rhtfo (1-38) phai bang khong. Tinh 
don hang so thdi gian bo ttfdng 
during ti bieu thdc (1-35) ta xac 
dinh hang so tich phan cua bn dieu 
chmh: 



T, = 2KT [V (1 - 39j 

Sau khi da chon va xac dinh dung thong so cua bo dieu chinh. ham truyen 
mong muon cua he c.6 dang: 

1 

W' K <p) =- (1-40) 

P 2T h il + P T„> 

Hanh vi cua he thong chi phu thupc vao hang so t.hcfi gian be va dac tinh 
tan co dang nhU cl h.1-9, tir do tieu 
chuan mang ton tieu chuan "phang" 
lie kin. tiffing ufng vdi (1-40) co 
ham Iruven: 

1 

W *(p) =---- 

1 -i-p2T| 1 ■+ p“2T h ~ 

(1-41 ) 

i 1-41) co 2 nghiem ctfc: 

1 1 

P| - - = ‘"2T,, ± J TF h 
phan b6 trong mat phang nhU d 
h 1-10. 

Hlnh 1-10. 
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Ti£u chuan phang cho phep chon diicfc ch£ do lam viec toi tfu vdi he so 
suy gi&m toi liu nhu ci phitdng phap dac trUng da de c£p tren. 

Quy tac xac dinh bo dieu chinh va chon thdng so theo tieu chu£n "phang” 
co the tom tat nhu d bang 1.2. 


liim K 1-2 


n s 

Bp dieu chinh 

Tn 

Tv 

(T va) 

T i 

i 

Trip +■ 1 

PJ: 

Tip 

T i 

- 

- 

2KTb 

2 

{T n p + iKTvp +• 1) 

PID: - 

T,P 

T i 

T 2 

- 

2KT b 

3 

(T n P + 1)(T v ip + 1)(Tv2P + 1) 

(PI02). - 

T iP 

Ti 

T2 

Ta 

2KT ti 


6 Mngl.2,bo dieu chinh PID2 co the bii du cac d6i tuang cd 3 hang so 
thdi gian trdi nhUng vi§o thUc hi$n nhting bO dieu chinh nhu v4y cd khd khan 
va trong cong nghiep it dung den. 


Trong nhi£u 

U 

trUdng hop, doi 
tUcmg chi cd 2 

1,2 

hang so thdi gian 

1,0 

ldn cung dude sii 


dung phudng 

0,8 

phap noi tiep hai 

0,6 

bo di£u chinh PI 


khi cd th£ phan ra 

OA 

he thong thanh 2 

0,2 

he con (xem vi du 


1.22.9) * 

0,0 


h(t ) 




* 

r—^ 

r-W 




r 


/ | 




f ] 




/ I 




J 1 

5 

\o 

IS 


tm 

T b 


Hlnh Viv 
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1.2.2.3 Ham quci dp doi vcri tin hipu dat 

So sanh C1 -41 > vai ham truyen he bac hai (1-14) ta eo the xac dinh tan 
so rieng w tl va he so suy giAm £ bang: 


LU 


1 < 1 

va t = —=■ 
V^T h y/2 


Ham qua do cua he toi tiu tren co dang: 


(1-421 


... t t 

hit) = 1 - e H/ ^ 1 ,.[cos(- ) +- sin(- )] 

' 2T„ 2T„ 


( 1 - 43 ) 


nhd d h.1-11 lurtng qua dieu chinh 
bang: X 

(j'Z — 4ZVZ va thdi gian dap itng: C * 

t m = 4,71T h 

Mufc do tac dong nhanh cua he chi 
phu thuoc vao hang so thdi gian be 



w dc ( P ) 


W dt (p) 

y 






Hlnh 1-12. 


titan g dtfdng bang tong dai so cua cac do tre be trong he. Do do neu khong 
bu du va cong nhdng hang so con lai vao hang so thdi gian be tudng ducfng 
thi do tac dong nhanh cua he se giam ro ret. 


1.2.2.4. H^m qua 66 doi vai nhieu 



Hlnh 1-13 
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W.tpt — 


Y(p) 

Ftp) 


w d,'p* 


1 + W ik .,p.W„ ( .p, 

Sau khi chon dung bo dieu chinh, trong moi trabng hdp ta deu cd 

1 

W lU <pi W.n'P' = w> (pi =■ 


( 1-44) 


P^T h i 1 + pT |s ) 
Nou doi titling cd 2 hang so thoi gian Icfn thi: 

1 

w iip) = Wj tp) =- 


1 + 


1 


p2T h tl + pT, ) 


K 


p2T,a + pTj 


(1 + pT.m + pT,i a + P 2T. + p-2T h "» 


(1-45) 


Ham truyen nay cd 4 nghiem cite, trong do 2 nghiem thvfc tUctng ditcmg 

1.1 

vdi - va bang - —, dong thoi co' hai diem khong vcii nghiem bang khong 

1 l i: 

va - Khi he cd mot hang so thoi gian ldfn (n s =11 d bieu thric tren ta thay 


1 \ = 0 

C ) ohe do xac lap tp = 0) ta rd W ( (0) = 0 v;\ anh hitdng cua nhieu khong 
con nit a Khac vdi trtfbng hop tren, viec xac dinh ham qua do doi vdi tac dong 
ciia nhieu bang pbitcing phap gini tich cd khd khan Tren h i-13 la ham qua 
do oho trifling hop doi Ufang cd mot hang so thdi gian Ion ditdc thttc hien 
iron may tinh Then ket qua mo hinh hda ta thay khi tang hang so thdi gian 
cun doi titqng, Idling qua dieu ehinh giam va ngdiic lai thdi gian qua do cang 
dai Nhif vay khi cd nhieu neu dung tion chuan phang thi thdi gian de he xac 


lap se dai, do la anh hilling rua cac cifc 



d bieu thde U-45). 


1.2.2.5. Oieu chfnh he co hanh vi tich phan 

De rut ra ket luan ta xet mot doi tuqng bar mot in^ = 1): 

K ll( K s 

W.ipt =-- 

<1 + pT,,)< 1 + pT,) 

Ro dieu rhinh ditqc chon la PI then bang 1.2. 


U - 46) 



W.c<P' 


1 + pT n _ 1 + pTj 
PT, * ’ p2KT h 


(1-47) 


Khau tich phan co the xem la trang thai gidi han cua khau quan tinh co 
hang so thdi gian T \\ khi T, » Do do' (1-47) co dang: 


W dc'P' = 


P T I 


T I 


p2K lk K s T, 


2K llk T„ 


i 1 - 48k 


T, 

(V day K = K^K v . T ( = —. Nhd vay tac dung cua khau t.ich phan khong con 

turn va bo dieu chinh PI trd thanh bp dieu chinh ty lp P. Ttfdng tif nhu the, 
khi dung bp dieu chinh PID. hicu quA se khong khac hdn PD va nhieu khi so 
lao non sai lech tinh. 

Titling tu nhti d bieu thufc (1-45) khi dung bo dieu chinh PI ta co 

Wm, =A. PgV[ + _ 2T V 1 + PT|. 

1 P P T, -1 + p2T„ + p-2T„-i T r 1 + P 2T h +p : 2T h - 

(1-49) 

<i trang thai can bang (p -* 0) ham truyen W ( (0> khong the hang khong. 

Nhu vay khi he co hanh vi tich phan hay cac hang so thbi gian qua I6n 
ma bp dieu chinh khong co t.hang do thich hop thi phAi dung tieu ehuan d6i 
xifng. 


I.2.2.6. Tieu chuan doi xi>ng 

Do cd tac dong nhanh doi vdi nhiAu, can co he so khuoeh dai 16n khi tan 
so he, ngUdi ta chon cac hang so thcti gian cua bp dieu chinh nhd nhau: 


Td 1 - Td> = ... = Td nJ = Td 
va bp dieu chinh: 

(1 + pTd) ,lJ 


W ,i,'P' - 


PT 


He hrt sc cd ham truyen dat: 

K( 1 + pTd) n<l 


W(p) — 


pT t < 1 + pT,^ 11 < 1 + pT k ) 


il-50) 


(1-51) 


(1-52) 
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Khi hang so thm giun troi cua doi ttfdng co gia trj rat ldn, 
dang : 

K(1 + pTd) nd 


W(p) = 


P T,(i + P T b ) P ™ n y k 


Cung nhtf d tieu chuan phang, dieu kien trddc tier) la 
don ta dung ky hieu: 

KTd ns 

K =- 


va (1-53) co dang: 

W(p) = 


n s 

nT K 

k = J 


K. 


pTjd + pT h ) 


1 + pTd 
pTd 


) n s- 


Dung mot so phep bien doi doi vdi (1-54) nhtf sau: 

1 + pTd 1 n 1 

( -— ) n s = (1 4--- P = 1 +-1 =1+- 

pT d pT d P T d P Td c pTd, 


ma 


T dc = 


Bieu thiic (1-54) bay gid cd dang: 


W(p) 


K 


1 + pT.t, 


pT:(l + P T b ) pT 


de 


Tifcmg ling vdi (1-57), he kin cd ham truyen 

1 + P T dc 


W,(p) = 


1 + pT, + p 2 (1 + P T h ) 


K 


Binh philtJng cua mo dun co' dang 


W k 2 ( ui) = W h (jtu)W k (-jaj) = 


1 + " 2 T de 2 

D(cu 2 ) 


thi (l-52> cd 

(1-53) 

= n s . De gian 


(1-54) 

1 + pTd e 

pTdc 

(1-55) 

(1-56) 

(1-57) 

(1-58) 

(1-59) 
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T d,-T 


v6i = 1 + T, .(T.. - 2 —- )uj l + ( —22—! - 2T.> 4 + 

UL UL T t -tt l' 


K 


K 


+ i 


T. T 

do i 

K 


TjV* 


(1- 60) 


Cung nhtf d dieu kien (1-31) de mau so cua (1-59) tien den bdng mot, 
nghia la D(o> 2 ) « 1 ta rut ra: 


T, = 2K,T h 


T T 

T 0 , = —i = 2 = 4T, 


K. 


(1-61) 


Thong so cua bo dieu chinh duqc chon then: 


T u = 4 ”sT„ 


T. = 2 


KT 


(1-62 i 




Sau khi thay the (1-61) van (1-57) ta cd ham truyen cua he hd: 

1 + P 4T. 1 1 


W*(p) ^ 


P4T„ p2T h (1 + pT„) 


(1-63) 


va dac tinh tan cd dang nh\i 
d h. 14, ddi xdng qua t;\n so 

1 

cat -, nen tieu chuan 

2T|, 

mang ten "tieu chuan doi 
xdng". Quy tac xac dinh bo 
dieu chinh va chon thong so 
cua chung theo tieu chuan ddi 
xiing nhu d bang 1-3. 

Bieu thdc (1-63) chi la 



bieu thtfe xap xi khi he la bac H)nh i-i4. 

mot va cd hanh vi tich phan. 

Trong t.rudng hop he bac 1, vdi kh&u quan tinh thi bieu thdc chinh xac la: 
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W(pl 


II 1 + P 4T i' 

T„ p8T,,ll + pT,)n + pT h > 


(1-G4) 


va ham truyen he kin vdi tin hieu vao la tin hieu dat x(11 


W 4 1 p i — 


_ 1 + P4T„ _ 

1 + p4T h + p8 -y- il + pT,ii1 + P T u i 


il-65i 


Bieu thUc (1-64) khi Tj -*■ «> se cd clang nhu (1-63): he bae 1 cd hanh vi 
tieh phan 

1.2.2.7. Ham qua do doi vbri tin hieu dat 

Ham qua do tuang ling vdi (l-65i dupe xae dinh bang may tinh nhu d 
h.l-15. Ham qua do cd lupng qua dieu ehinh Ibn cling vdi hang so t.hbi gian 
T r NgUpe lai thbi gian dap ring t cd git\m. do tar dong nhanh tuy thuqc vao 
hang so thdi gian be la chinh. He giam lupng qua dieu ehinh ngudi ta cd the 
dung bp lot' (1 dau vao cd muc dich bu i rU diem khong d tOf so ciia ham truyen: 

1 

W,ip> —- (1-66) 

1 + P 4T„ 

O h.l-16 ta thay sau khi dung bp loc, lupng qua dieu chinh cfupc gihm 
ro ret trong khi thdi gian dap dng lai tang. 
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0 


5 


10 15 20 ^ 


Hinh 1-15. 

1.2.2.8. Ham qua do d6i vdri the dong cua nhieu 

Theo sd do khoi d h.1-12, khi d6i tifdng cd mot. hdng so thdi gian troi 
ham truyen ddi voi tae dong cua nhieu cd dang 

T 2 

P K s 8 (1 4 P T i> s 

W.(p> =-!-(1-67) 

V 

1 + p4T h ■+■ pH - ( 1 4- pTj )i l + pT^i 

T ] 


Tren h.1-17 
co ham qua do 
diirto xac dinh 
theo (1-67). Chat 
lifting dong difde 
('hi thion rd ret. 
\nh huong cua 
nhieu difdc loai 
trif t.rong thoi 
gian ng&n, khoang 
10T h . So sanh vdi 
trddng hop dung 
r.ieu chuan phAng 
< h ] - 13). chat 



0 5 10 15 20 



H)nh 1 - 16 . 




Iifdng dong theo tieu chuan doi xiing tot hdn khi cd tac dong cua nhi£u. 



1.2.2.9 Vi du i>ng dung 

Set do nguyen ly cua he dieu chinh toe do dong cd cho tren h i-18. 0 sd 
do nay dung phUdng phap noi tiep hai bo dieu chinh 4 va 6 loai PI trong mach 
dieu chinh toe do 
dong cd 1 va ho 
dieu chinh 11 
trong mach kich 
tit. Mach phan hoi 
trong la loai phan 
hoi dong dddc 
thde hien bang 
dung cu do luting 
5 cung vdi chinh 
litu. Phan hoi cd 
ban la phan hoi 
toe do dtfdc thuc 
hien bang may 
phat do toe dp 7. 

Co cau dieu khien 
d g 6c. inti a eimg 



:y> 





vdi tiristo-2 la mot khau tre dude xap xi bang khau quan tinh: 


W-.(p) = l,2e“ (>()<)167 P ~ 


1,2 


1 + 0,00167p 


( 1 - 68 ) 


Trong viec chon bd dieu chinh cho he trdn, de gi&n ddn ta co dinh hoa 
hiring kich tit. Dong cd trong tritdng hop kich tit bang nria dinh nuic co cau 
true va thong so sau: 

1 

W, (p) =- (1-69) 

dt (1 + 0,327p)(l + 0>033p) 

Ta kh4o sat cho cac trtfdng hop sau: 

a* Vdi doi tudng cd hai h£ng so thefi gian 16n va cd cau dieu khien mot 
hhng so thdi gian be. thong thiidng ta chon bo dieu chinh PID theo tieu chuan 
phang (bang 1-2): 

(T nP + l)(T vP + 1) 


W, (p> = 


T,P 


vdi 


T n = Tj - 0,327 s, 

T v = T, = 0,033 s, 

T t = 2KT b = 2. 1,2. 0,00167 = 0,004008 s. 
b. Neu doi tuqng cd the phan ra thanh hai kh&u quan tinh rieng biet va 
ed the do ditdc tin hieu glua chung, ta cd the dung hai bo dieu chinh PI nhu 
d sd do khoi h. 1-19. 



Hinh 1*19. 

Bat dau tit mach vbng trong, dung tieu chuan phang de xae dinh thong 
so bo dieu chinh PI^: 
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w dd<p> - 


T nlP + 1 


PTi, 


vai 


T n , = 0,033 s 


T (i = 0,004008 s 

Ham truy'en cua mach kin vong trong co dang: 


w k .(p) = 


Y.<p> 


1 


u,(p) 0,00334p( 1 + 0,00167p) + 1 

1 

0,00334. 0,00167p 2 + 0,00334p + 1 
1 


0,00334p + 1 

Ham truy'en nay tilting dtfcfng vdi khau quan tinh co hang so then gian 
2T., tii do ta chon bo di'eu chinh vong ngoai: 


W,,. 3 (p) = 


T n2 P + 1 
PT„ 


vdi 


T n2 - 0,327 s 
T i2 = 2. 0,00334 = 
= 0,00668 s. 


c. Trong trilrtng hop cu the, nho d h. 1 -1-8, cac ham truyen cua tifng mach 
vong phan hoi dong va toe do eung nh\i phddng phap xac dinh cac bo dieu 
chinh noi tiep tUdng ling, dupe thpc hien nhii sau: 

Phtfong trinh can bang dien ap doi vdi dong co: * 4 

dl 

U, , = (R + R )I + (L, + L,) —+ U, (1-70) 

trong do: R^, L ;1 - dien trd v& dien cam mach phan ling dong cd; R |( L ( - 
dien trd va dien cAm noi tai cua bo bien doi dong; Uj |W - dien ap mot. chieu 
ly tiidng. Dat cac dai Itfqng ttfdng doi so vdi tri so dinh miic ttfcfng dng: 


U 


u d,. = 


dia 


U : 


U 


dn 


*- = I 


in 


Uj u 


dn 
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Ta co 


du/ 


= V;, + r . T C 


dt 


+ u. 


dt 


l dia 


u i - V;, 


ci day 


r < = 


*« T . 

+ R ,'t,n 


U 


T. = 


dn 


K + L , 

R., + R, 


Phifdng trinh can b:\ng md men khi lam viec khdng t&i: 
dQ 

J - = M , 

dt 

JQn dn 

- - — m L , 

Mn dt 


dn m 

dt" ”t! 


JQn 

Tm = Mn 


Tit 11 - V1 > va (1-72) 

u d„ ' r* 


va 


n = 


r t <l + pT,) 
TV, 


P T , 


trong do <p - til thong; yu ;J = m ; <pn = u i 
Graph tin hieu co dang nhu a h.1-20 
Thay the (1-74) vao (1-73) ta co: 


(1-71) 


f ' 1 + P T m r i (1 + P T / 

tit do cd ham truyen: 


W H1 (p) =- 


(1-75) 


PT, 


(1-72) 


(1-73) 



uu* 


1 + pT’d + pT.) 


(1-76) 


ma 


T* = 

m 


r.T„, 
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Ta cd 


di 


d clay 



= r i'r, + r i T r^ + U i> 


di . 

u d,„ - u i - r t' B 


dt 

r, T , 


V zr 

< R , + R,>I,n „ 

L, + L, 

r i 

u, 

dn 

K + R , 


Phnong trinh can bang m6 men khi lam vide khong tk\; 
dQ 

J 5T " M * 


JQn dn 

—- - — m 0 

Mn dt 


dn m c JQn 

dt ~t 7 ’ 111 ’ Mn 


T ii (1-71) va (1-72) 
a 




<pn 


va 


n - 


r ( ( 1 + pT ( ) 

ry, 


PT, 


trong do <f - tti thong; yd ;] = m c ; y>n = u i 
Graph tin hieu cd dang nhif d h.1-20 
Thav the (1-74) vao (1-73) ta cd: 

P T m u d«- 


(1-71) 


I = - 


+ pT n ,r,(l + pT,) 
tit do cd ham truyen: 

w.ip) =A_ = 


P T m 


(1-72) 


(1-73) 



v du: 


1 + pT’ <1 + pT.) 


(1-76) 


ma 


T = 

m 


r,T ni 
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/ Tuy thuoc moi tiicng quan gitia T t /T’ m ma phdcmg trinh dac tinA cd 
nghiem thuc hay phdc, T’ m phu thuoc vao mi lc do kich tit. Vdi kich tit dinh 
miic </> t= 1 he co dao dong vdi he so ,suy gidm £ — 0,866. Vdi kich tit y? = 
0,5; ta co T[ = 0,327 s va T, i c / W dk Cp) ' i a 

= 0.033 s. 


Tit (1-71) neu cho u ( = 0 


ta co: 



Hlnh 1-21. 


w iu <P) = = 


1 


■di« r t (1 + p t (> 

6 pham vi cao tan, (1-77) xap xi vdi (1-76) vi: 

1 


(1-77) 




= W n,(p) 


P r , T i 


TrUdc ti£n chon bo dieu chinh dong a mach phdn hoi trong: 
Th graph tin hi6u cf h.1-21 vdi: 

L2 


w d.(p) =■ 


W \u = 


0,00167p + 1 

1 16,6 


r t (l + pT t ) 1 + 0,003p 

*di so lieu da cho trong mach kich tfr chinh: r ( = 0,06; T y = 30 ms. 
Ta chon bo dieu chinh PI vdi cac thong so sau: 

T ni = 0,003 s, 

T (J = 2. 16,6. 1,2. 0,00167 = 0,067 s. 

Ham truyen cua mach kin: 

1 1 


W k ,(p) = 


2. 0,00167p(0,00167p + 1 


1 + 0,00334p 


Ket hop vdi bieu thde (1-74) ta cd graph tin hieu d mach vong toe dp 
nhu d h.1-22. 


vdi W k| (p) = 


1 + 0,00334p 



n 


<p 1 n c T 

W (p) = — - 0,333 — . <*— 

P T m P 

Trong mach vbng toe dp co kh4u 
tich phan, can chon bo dieu chinh PI 
theo tieu chu£n doi ling theo b£ng 
1-3 vdi cac thong so sau: 

T nn - 4. 0,00334 = 0,01336 s, 

T jn = 8. 0,33. 0,00334 2 = 0,0000297 s. 

Tieu chuan doi xufng cho ltfdng qua dieu chinh ldn, do do can chon bo loc 
d dau vao (1-66) 

1 1 

W.(p) =-— - . 

T nn p + 1 0,01336p + 1 

Ket qui hinh hoa cho th£y: 

- Trtfbng hdp a la bii du v6i bd difeu chinh PID (h.1-23). Ltfdng qua dieu 
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chinh va thdi gian dap ling tUdng dng vdi: 

&'!<. ^ 4%; t m == 0,0075. 

- TrUcmg hdp b dung phuong phap ndi tiep hai bo dieu chinh PI. Do mach 
vong trong la he bar. 2 nhi/ng ho qua he so qua be, xap xi vdi bac mot. nen 
chat ludng co thay doi: 

(7 r /r = 9%; t. ni ~ 0,0125 

Truong 
hdp nay khong 
xet den khA 
nang thUc 
hien trong 
thUc te: mach 
vong trong 
khong tUdng 
dng vdi phAn 
hoi dong. 

- Trudng 
hop c dung 
phan hoi dong 
nhung doi 
tUdng dupe 
ddn giAn hoa 
I1- 77) thay vi 
(1-76). He 

dUdc xet co hanh trang tich phan nen dung tieu chuan doi xtfng. Do do lupng 
qua dieu chinh ldn (hinh 1-24). 

a r /. ^ 55%; t m ~ 0,009. 

Sau khi mac b6 loc d dau vao, chat LUdng da dUdc cAi thien (duong c\ 
hinh 1-24) 

a% ~ 6,6%; t ni « 0,024 

Tat cA cac trUdng hdp tren d$u dUdc khAo sat d che do khong tAi cua 
dong cd. 



0,05 0,06 

Hinh 1-24. 
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1.2.3. BO OlEU CHiNH TRANG THAI 
1.2.3.1. Mo ta trang th6i cua h$ dieu khien 

Til bieu thtfc (1-73): 

. __ 

r,(l + pT,) 


va (1-72) khi mo men t&i ty le toe d6: 


dn/dt 


m , - kn 
e 



va n 


k(l + p 



> 


ta co sd do khoi nhd d h.1-25. 

Vdi cac gia tri cu th£, vi du <p = 0,5; r t = 5; k = 0,8; T ( = 1; T m = 0,8 
ta cd sd do tddng dildng nhd d h.1-26. 



Htnh 1*2«. 

Til h.1-26 ta cd h£ phddng trinh chinh tic sau: 
m L , = 0,lUi J[f , - 0,5n) - ni L . 


(1-78) 


n = 1,25 m c - n 


Ddcri dang ma tran ta cd: 




- 1 

-0,051 


■ m c - 

n 


. 1,25 

-1 


. n 


+ 0,1 


l d\a 


L o 


(1-79) 


(1-80) 


Dang tong quat thtfcfng gap la : 


39 








X = AX + Bu 


(1-81) 


Neu he dddc mo t.& bang phifdng, trinh trang thai thoa man dieu kien 
quan sat dddc va dieu khien dude, ta co the chon cac he so ph£n hoi sao cho 
he lam viec cf trang thai toi du. 0 h.l-27a, x 2 la trang thai khong dieu khien 
dude doi vdi u, h,l-27b thi x 2 la khong quan sat dude doi vcri y chang han. 



Hlnh 1-27. 

1 . 2 . 3 . 2 B6 dieu chinh c6 dien v& bQ dfeu chinh trang th6i 

Tren h.1-28 la so do khoi cua mot he gom ba khau quan tinh va co cau 
dieu khi£n: 
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ph&n hbi vcfi cac he s6 k v k 2 , k 1 ttfdng dng> cung nhil d dau vao co he s 6 R c - 
Tin hieu dieu khien hao gbm: 

u dk = k c c - (kjXj 4- k 2 x 2 + k 3 x 3 ) (1-83) 

So do khdi tren h.l-28 co the tilcfng discing vcri 2 phtfcmg an sau: 

</. Bo dieu chinh co dien 


Ham truyen cua he co 3 mach vong diidc xac dinh nhd sau: 


Wj(p) 


_ K dk K,K : Iv, _ 

(1 + pT dk )<l + pT 3 )(l 4 pT 2 )(l 4 pTj) + K dk K-2k 3 


a 4 p T 2 )(1 4 pTj) 4 K dk K,K 2 k 2 (l 4 pTj) 4 K dk K 3 K 2 K ( kj 


K 

D(p) 


(1-84) 


Neu mo thanh phan thuf hai trd di d miu sd cua (1-84) bed: 


iyp> = K dk K 3 k 3 (l + pT 2 )(l 4 pTj) 4 

K dk K 3 K 2 k 2 (l 4 pT^ + K dk K 3 K 2 K 1 k 1 = KW dc (p), (1-85) 


ta co so do tddng 
duong vcri h.l- 28 
va (1-84) nhil d 
h.l-29 ma D(p) = 
D.,(p) + D h (p). 

Cuoi ciing 
h.l-29 co the bien 
doi tUcmg ducmg 
nhu d h.1-30. 


<S>-4g)— 

(-) 



Hlnh 1-20. 


W dr (p) chinh la 
bo dieu chinh cd 
dien dtfoc xac 
djnh bcri: 



Hinh 1-30. 
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D h (p) kj T. 

W. (p) = - - k. +—L +— + p( — k 2 + 

Lk K K, K,K 2 K, 2 


T . + t 2 

k,k 2 


k^) + 


+ P 2 ki 


k lr (l + pT vl )(l + pT >) 


( 1 - 86 ) 


Do la bo dieu chinh PD-,, do vay cang can thi£t co bo loc d dau vao (1-66). 


b. Bo dieu chinh (rung thdi 

Xem Wj(p) la mot khoi thong 
nhat, ket hop vdi set do tren h.1-28 
ta co sd do khdi giAn ddn nhtf d 
h.1-31. 


X) -- W,<p) 


H\nh 1 - 31 . 


*/= y 


Vec td trang thai trong trtfdng hdp tong quat dUdc bieu thi bdi; 


(1-87) 


Vec td thong so cua mach phAn hoi 

k s T = [k, k 2 ... k n> ] 

PhAn hoi trang thai cua h£: 

u dk t = k l x l + k 2 x 2 + - + k as x ns 

Tin hieu dieu khien bao gom ca dau vao: 

u ... — k ,c - k. 1 x.. 


k /*S 


( 1 - 88 ) 


(1-89) 


(1-90) 


Ky hieu "T" la dau chuyA’n vi cua vec to. 
Nhif vay dang tong quat cua he 


= A s*s 

y = 


(1-91) 


So sanh v6i he nguyen thuy (1-82), sau khi dung mach phAn hbi trang 
thai tddng dng vdi W } (p) ta thay bac cua chung nhu nhau nhtfng chat ltfdng 
dong va tinh co the thay doi trong pham vi loin nhd cac he so k p k 2 > k^, k t> 
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nghla la cd the thay doi mdu so cua W ( (p) (thay doi vi tri cac cUc) trong khi 
tCr so khong thay doi. Bang phucfng phap quy dao nghiem so, xac dinh trddc 
vi tri cac nghiem ctfc dr’ thda man cliat lupng da cho va tif do xac dinh cac 
ho so phAn hoi trang thai. 

Bo dieu chinh trang thai cho phep co dtfpc chat luang tot nhiing n glide 
lai viec kiem tra va han che nhdng tin hieu npi tai qua ldn cung nhil viec xac 
dinh thong so cua bo dieu chinh co phdc tap hdn. Do do nen dung cac bo dieu 
chinh trang thai co han ch£ tin hieu ra d bo dieu chinh trong cac he phutc 
tap. 


1.2.3.3. Chon thong so cua b6 dieu chinh trang thai 

De co sai lech tinh bang khong d che do xac lap nghia la y = c, he so k c 
dupe xac dinh theo dieu ki6n: 


Do do 


K 

k -- = 1 

L D(0) 

D(0) k 2 k 3 1 

k = -- = k. + — +—i- +- 

c K 1 K, K 2 K, K Jk K 1 K 2 K- ( 


(1-92) 


Tuy nhi6n do cac thSng soKj kl K t> K 2> K 3 co the thay doi v& c<5 nhieu tac 
dong vao he thong ma ta da khong tinh den, nen y khdng the bang c d trang 
thai xac lap. Do do chn dua them vao mdt khau tich ph£n co ham truySn 


— va he so khuech dai k. de hieu chinh tin hieu dieu khien. Neu thong so 

pi, 

cua h$ thong khdng thay doi va nhieu tac dong vao he thong la khdng dang 

ke thi khdng can cd khau nay. 


Neu nhidu tac dong vao he thong cd the do diidc, cd the dung he so k t 
de bu anh hudng cua nhieu. Nhu vay, tin hieu dieu khien se gdm: 


\\k 


= k L C - 


k,.f 


k d x d 


k T j 


(1-93) 


Co cau dieu khien va khau tich phan dua them vao co phtfong trinh vj 
phan tUdng ling vdi: 


1 K dk 

X dk “ X dk + rp U dk’ 

A dk 1 dk 


1 1 r 

K\ =-^i ' c - y) =-^r < c - c s *s> 


(1-94) 

(1-95) 
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va sd do khoi nhu hinh 1-32. B6 dieu chinh trang thai gom cd phan hoi trang 
thai, bo dieu chinh tich phan, tin hieu trite tiep tit litdng dat c cung nhit tit 



Hlnh 1*32. 


nhieu f Do vay bo dieu chinh trang thai ttfdng doi phtic tap so vdi cac bo 
dieu chinh thong thudng. Ngoai ra ckn tinh den han che tin hieu dieu khien: 


U dk m.'« > u dk ~ U dk mm 


(1-96) 


Neu gicfi han khong dat 
tcfi thi u dk = u’ dk con khi dat 
den gidi han, tin hieu x d cua 
bo dieu chinh tich phan dupe 
hieu chinh theo dvldng ddt net 
tr£n hi-33. Khi ra khoi gidi 
han, bo dieu chinh tich phan 
cd trang thai ban dau tot de 
khong gay nen litdng qua dieu 
chinh ldn. Tren h.1-34 la sd 
do thitc hien bo dieu Ghinh 
trang thai titdng tit. Cac bp 
dieu chinh so hay dung may 
tinh de dieu khien, cd nguyen 
ly tUdng tit va ph&i dung den 




c 





-^HsJ-^9 A 

o - 1 

/ 

pTi 

x A \ 

j 

y 


/— n. ^dkc 

— ©—? 

% — 



X n o--(^)-^ 

HlnH 1-33. 
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cac bo chuyen doi AD, DA. 


Khuech dai thuM toan A, thUc hi§n chufe nang bp difeu chinh tich phan. 
0 dau vao (-) co cac diAn trcf so sanh R’ c ; va R„ Mach ph4n hoi co tu C. 



Dien ap ra dupe han che bdi khuech dai thuat toan A 4 vdi cac diot d mach 
phan hoi. 

De hieu chinh lai bo dieu chinh tich phan, dung khuech dai thuat. toan 
Ay Dien ap ra bang; 


R h 

U d = - -g- K - U s> 

Neu tin hieu ra chua dbn ngudng, u s = u’ s thi u d 
se ty le vrti chenh lech giiia u' s va u smjix hay u’ s va u smin . 


(1-97) ^ 
0. Ngupc lai, u cj 


Dien ap Uj thong qua R d tac dung vao b6 didu chinh tich ph&n va hieu 
chinh lai tin hieu ra u r khi gi6i han u^ con cd nghta. 

Trang thai cua bo dieu chinh tich phan dupe xac dinh bdi: 


= 7t [c ' y ' k ‘‘- (u 'jk - u dk>]' 


T, = R’ t C. 


(1-98) 
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(1-99) 


R' R h 

k’„ = —^ — 

1 R d R , 


U ’dk = k c C ’ k l f + k d X c! 


K\ 


Khi tin hieu ra dat. den ngddng, nghta la u dk = u Jk lim 
1 


pT. + k ’A 


[i: - y -4- k’ c (u dk lim - k c c + k,f -f k s J x s )] (1-1001 


C trang thai xac lap (p = 0): 




i i 

(c - y) + —_ 


(u dk lim - k c c + k r f + k s 'x s ). 


( 1 - 101 ) 


Trang thai xac I$p ay se dat dupe m6t each nhanh chring v6i hang so thai 


inan: 


T. 

T =-i- 

L k’ k 


; ma k\. »1, T l T, . 


( 1 - 102 ) 


Khi chifa den gidi han ngUorng: 

1 

U \lk = U dk lim + ^ (c 


y) 


(1-103) 


Tin hieu ra "khi chua den gidi han ngifflng u' Jk thUc te bang tin hieu gidi 


han u dk< O h,l-35 co sd 
do khdi cua bo dieu 
chinh ma gidi han 
ngUdng dupe the hien 
bang khau phi tuyen. Bo 
dieu chinh cd phan hoi 
noi (dupe thUc hien 
bang he so k’^) se tac 
dong khi tin hieu ra dat 
gidi han cua ngUdng. 
Chung ta se tong hpp 
lai cac bude chon bo 
dieu chinh trang thai 
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sau khi giii thich ve nguy£n tic xiy dtfng no. 

/• Phuirng Irlnh (rang ihdi he long the 

Ket hdp (1-87), (1-94) va (1-95) ta co vec to trang thai tong the: 
x. 


‘cik 


(1-104) 


va phiidng trinh (1-91) bay gift cc dang: 

x = Ax + bu Jk + b,f + b L .c, 


(1-105) 


y = c 1 x 


trong do : 



-1/T. 1L o ' 

0 

A = 


A v 

o 


0 

' C s'/T, 

0 


0 


0 

b = 

<_■ 

o 

; b, = 

b s, 


1/T- 

i 


0 


; b = 


o 

0 


c 1 = [0 cj 01 


(1-106) 


Phddng trinh <l-93i co dang: 

u dk = k c c ■ k l f - k ‘ x . 

k 1 = [0 k T -kd] 


(1-107) 

n-108) 


Thay the (1-107) vao (1-105) ta co the xac dinh phtfong trinh trang thai 
vi phan cua h£ kin tong the: 


vai: 


A, = A bk T = 


b (ic C + b CM f ' 


(1-109) 

" 1/IT Jk ' k s 1 



b s A s 

O 

, (1-110) 

0 -c s T /T, 

0 



b (ic = b c + bk e = 

O 

: b c.i - ^k, 131 

k ,K dk /T dk 

b sl 


1/T, 


0 


( 1 - 111 ) 
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2 . Phirtrn}* trinh due link cua he tong the 

Khi cho c = 0, f = 0 c( (1-109) va dung bien doi Laplace ta co: 

px(p) - x o - A ( .x(p) (1-112) 

d day x o la tri so ban dau cua vecto trang thai tong the, Ta co: 

xlp) = (pi - A r ,r'x = ———-—— (pi - A (i )adjx . (1-113) 

det(pl - A {i ) 

Tu (1-113) ta xac dinh phudng trinh dac tinh cua he kin: 

Ftp) = detipi -A (r ) = p n + y n _ 1 p n_l + ... + y,p + y tl = 0. (1-114) 

cac he so y phu thuoc vao k s [ va k d> tuy then ma tran A ( . d (1-110). PhUcfng 

trinh dac tinh nay cho phep xac djnh cac cue cua he tong the. 

Nguoc lai, neu cac cUc p t , p-,, ... p n deu dupe cho trude, ngudi ta cd the 
bieu thi phucmg trinh dac tinh d dang khac: 

Ftp) =(p - P,Kp - P 2 ) ■■■ (P ' P n l = P" + " n -lP n " 1 + - + <l |P + “„ = 0 

(1-115) 

Moi quan he giua cac cUc p. va he so a dupe xac djnh theo dinh ly Viote: 

«n-l = + P; + - + Pn>- 

"n : = P|P; + P|P.\ + ■ + Pn - |Pn> 

. (1-116) 

= (-l) n p ] p : ... p n . 

Bang each quan sat (1-1 14) va (1-115) ta cd: 

y, = «*., 

11 (1-117) 

i = 0, L n - 1. 

/ip dal cue cue va xac dinh he so phun hoi Irang that 

De xac dinh cac hfe so phan hoi trang thai. ngudi ta dung nguyen the ap 
dat cac nghiem cUc. Cd n nghiem cUc p p p 2 , p n cua he kin tong the va tit 
do tim cac h§ so k^ va k d (n s + 1 = n - 1 he so); trang thai x d( . = u (h i-32) 
khong cd mach phan hoi. Ap dat n = n s 4-2 nghiem cUc khong phai mot each 
tU do ma tmh den nhung dieu' kieri htin che: 

Angorit Leverrier [2] va dinh ly Viete xac dinh bieu thtic sau: 
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-« n - i = 2 \\ = trA (l = - -i- +trA s . ( 1 - 118 ) 

k - 1 

Tong cua cac nghiem cue khdng phu thuoc k s J va k d< Dieu kipn thd hai 
la he s 6 suy gi&m tuydt ddi cUc tidu p mm ph&i tuemg ddi thich hap. He so suy 
*gi£m tuang ddi toi Uu dUdc dac trUng bdi mot cap nghiem phtfc lien hap cd 
phan thUc va &o nhu nhau. Do do tUdng tfng vai (1-118): 


P 


mm 


c 



tr A s ) ... 


Dieu kien gidi han nay cd duac khi d&t: 

P[ = P2 ” = Pn = " linin' 

Vimg de ap dat. cac nghiem cUc dUdc 
gach soc of h.1-36, it nhat nen cd mot doi 
nghiem phtfc lien hdp n£m d vung gidi han. 
Trudng hap n >4 can tinh den ma tran 
didu khidn duac 

Q c = [h Ab ... A" *b] 



Hlnh 


( 1 - 120 ) 


Sau khi tap hdp cac he so cua da thde dac tinh (1- 115) dudi dang vecta 
hang: 

a 1 = [a 0 .... a n _ { ], (1-121) 


Vec ta hang cua phan hoi trang thai: 
k 1 = l«' 1]E, 


( 1 - 122 ) 


ma: 


E = 


e 1 

e 1 A 


, (1-123) 

e ^ A n “ 
e 1 A n 

la ma tran (n + 1. t\), vec to hang e [ la nghiem cua he phuang t.rinh 
tuyen tinh: 

e 1 Q ( = [ 0 0 ... 0 1J (1-124) 

Bang each ap dat n cUc p,» pi, p n ta tinh duac vecta hang k 1 gbm cd 
cac he sd cua cac ph&n hoi trang ihai k t , k>, ..., k ns va k d . 
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4. Xuc dinh he so tin hieu dal k L 


lie so k c khong xac dinh theo phtfdng phap ap dat cac ctfc. Neu yeu cau 
dat ra la d trang thai xac lap khong cd nhi^u, bo dieu chinh tich phan khong 
tham gia, ta dat = 0 va luc bay gib y phu thuoc duy nhat vao c thong qua 
he so k c . Ta cd ciing dieu kien vdi trtfdng hop khong cd bo di’eu chinh tich 
phan trong he. Bo dieu chinh tich phan tham gia vao qua trinh qua dd va xac 
lap de hieu chinh nhting bien doi nhd cua thong so va loai trit Xnh hdcfng cua 
nhidu. ThUc t.e cho thay phucmg phap nay cho liiong qua dieu chinh lcfn. 


Mot phuong phap khac la xac djnh k c bang each bu trii mot nghiem ciic 
cua he tong the kin. Ta dung mot s6 bien doi sau: 


G(p) =. 


G,(p.i(k ■+- ) 

' L PT, 

k - 

1 + G.(p l- 

PT, 


Ki + pV^, 

P T i 

k, +-!—!— 
1 G,(p) 


P + 


=k c T, 


kfTj 


k d + 


PT, 


(1-125) 


G.(p) 


Ham truyen dat. G(p) co' mot nghiem khong. bang-va neu bii vdi 

k c T, 

nghiem cUc p k , ta xac dinh diidc: 

k , 

k --— (1-126) 

pj, 


5. Xuc dinh he so bit nhieu k ( 

Trd lai vdi dieu kien dau - bo dieu chmh tich phan khong tham gia d qua 
trinh xac lap: x l! = 0. 6 trang thai xac lap x Jk = 0; x = 0 til do: 

A « X s = - (b , u + V*- 


u = K dk u dk’ 


U dk = V - M - V X K 


(1-127) 
(1-128) 
(1-1291 


Phtfcmg trinh (1-127) cd dang: 

<A S - K dk b s k/)* s = -[K dk b s k c c + (b s f - K dk b s k r )0 (1-130. 
Cuoi cimg ta co: 

y = c = c s‘ x s = oJ'W, 1 - A,)-' (K dk b s k L c + (b d - K dk b s k t .)n (1-131) 
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c^^bA 1 - AAf 
< r (Kdkb s K T * A s )b s K Jk 


(1-133) 


Nhu tren da. noi, (1-132) cho ldqng qua dieu chinh 16n con ('1-133) cho 
t.ri so k, vbi ket qua tot. Trdcmg hop ca biet., khi nhieu tac dong 6 dau vao 
eua doi tlfdng la b^ = b ( , ta co k, = l/K Jk . 

1.2.3.4. Vt du i>ng dung 

Ta khdo sat he dieu chinh d h.1-37. Ddi tuqng la mot khau quan tinh cd 
K ( = 1, T, = 0,06 s, co cau dieu khien: K dk - 1,2; T dk = 0,00167 s. Hay xac 
djnh thong so cua bo dieu chinh trang thai k t „ k it , k,, k f . Voi bai toan da cho 
r.a co: 
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Phdrtng irinh ilai huh . n dang 


F(p) = det(pl - A (i i - det 


p.+ 1 ' ! V k,K Jk 'l\, k 


-k,/t, 


P + IT, 
1/T: 


k dK Jt T dk 

0 

P 


, 11, 11 K di Ki 

= p 3 + ( - H -+ (-— + k. —- - )p 

T dk T, T dk T, 1 T Jk T, 


K dk K , 


T, T dk T, 


(1- 


Vi n = 3, ta cri ba nghiem cdc va theo (1-118): 

Pi + p, + p, = tr A n = - ( _L +_L ) = - 615.46 

l dk 1 I 


(1 


Thao (1-106) va (1-111) 

c 1 - [0 1 0 ], 


- 


K K dk /T Llk 
0 

1/T, 


va theo c\ b (ic tren: 


^P 1 - 31 


a I2 


M 


va A, 2 xac dink theo F(p): 


A 12 = 


A 32 = 


-Kj/T, 0 


K, 


- P> 


P + 1//T dk ' k d^dk^ T dk 


-k 1 /t 1 


K.. K, 
= -k r — 1 —. — 
d T dk T, 


136) 


137) 
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Ti i (1-105) va (1-109): 


K,,. K 


L dk 


G(p ) — 


c ‘(pi - A n )adj b r , f = 


T dk T s 


- L »-1 

+ 


k c T, 


det(pl - A (i ) 

6 trang thai xac lap (p = 0), G(0) = 1; 

Kdk K ' _ cnn 

™ “ " P 1 P 2 P.V 

i jk 1 i A » 


(p - p { )(p - p 2 )(p - P V 


(1-138) 


Do la he so cuoi cung cua bieu thtic dac tmh F(p): y n = a tV Theo djnh ly 
Viete (1-116) he so nay bang tich cua cac nghiem cue. Nhd tren da no'L ta 
se bu tr\f nghiem cue p ;v do do (1-126) cho ta: 


k T. 


= “ Pi- 


Ham truyen luc bay gid la: G(p) =■ 


PlP2 


(1-139) 

- , ta t.hay bac 

(p - p l )(p - p 2 ) 

eu.i he giam, nghla la chat ltfdng dong dude nang cao. Bieu thufc nay cho phep 
rinh ham qua do cua he. sau khi ap dat cac ctfc. 

Vdi vi du tren, theo phtfdng phap ap dat tdi Uu cac ctfc> ta chon: 

P, ; = -P ± j P\ P 3 = -p- (1-140) 

De gi&n don, ta lay: 


X 

s 

X 

fx 

1 X 

l \ 

i \ 

if 

\ 

s 

! /l 

i 

jtl- 

-J? 


1 ^ i 1 


(1-141) 


3 


dk 


VI T dk <$T,. n£n: p ~ 


3 T 


<Jk 


Hlnh 1-3B. 


Vdi ba nghiem ap dat, da thuc dac tinh cd 
dang: 

F(p> = (p - p,)(p - p 2 )(p - p,) = 

= p 1 * (Pi + P 2 + Pi>P 2 + (P 1 P 2 + PiPi + PiP 2 *P ■ P 1 P 2 P.V (1-142) 
Ket hdp vdi bieu thufc (1-136): 

1 1 

ta cd — + - = -(p, 4- p 2 + p 3 ) - 3 p 

T dk T 1 
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2 2_ + k ^ 2i 

T dk T, ' T dk T, 


P 1 P 2 + P 1 P 2 + P 2 P.V 


(1-143) 


k d K Jk K 


T, T dk T, 


-ST. = ' P1P2P.V 


Phtfdng trinh thuf nh£t khang dinh lai ( 1 - 140). Phtfang trinh thtf hai cho 
ta xac dinh: 


k i =■ 


T dk T l'P|P2 + P 1 P 3 + P2Pl> ' 1 


(1-144) 


PhUdng trinh thuf ba d (1-143) cho phep xac dinh he so ph&n hoi trang 
thai cua ho di'eu chinh Hch phan: 


V. 

K dk K, 


P,P 2 P 


(1-145) 


Sau khi thay the cac nghi£m, theo (1-140) ta cri: 

T llL .T.4p 2 - 1 4 T 2 + T 2 91 

k, =— Jk 1 - = —*- ( — -— - — ) = 13,217 


V, 


9 K dkK, T ) T d k 


T diJi „ , _ 2 (T, + T dk ) 3 


T i K dk K, 


2 P' =~ 


27K dk K,- TVT 


= 1434,2571 


dk 


Tit H-126): 


k 


L 



T dJ. 2 2 = 2 (T i + T dk> 2 

K dk K, P 9K dk K, T,T dk 


va cuoi cung k f 


1 



0,8333. 


7,0279. 


Ket quA mo hinh hoa cho thay so vdi che do toi \lu bii du cac h^ng so 
thdi gian idn (difdng a d h.1-23 hay h i-39) thcri gian dap tfng co ldn hcJn t m 
— 0,012 nhtfng ltfcrng qua di£u chinh d bo di'eu chinh trang thai (difcmg b d 
h.1-39) khong khac d che do toi tfu bii du theo tieu chuan phang. O bp dieu 
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Hinti 1-3B. 


1.2.4. BO Dl£U CHiNH LAM Vl£c 6 Ch£ 00 TRUQT 
1.2.4.1 Ch6 d6 trugft d he rale 

's 

Tren ,j8l -40 la mot doi tuong dieu khien gam hai khau tich phan diicJc 
dieu khien bdi mot role hai vi tri. 



Hinh 1-40. 





Ta co th£ co he phudng trinh sau: 

dy, 

= y2 


dy^ 

dt 


K 


Chia hai phuong trinh nay cho nhau 

*_y± = ± _L. 

dy, y 2 

y ; dy 2 + Kdy, = 0; 

y , 2 

ti S do: — + Ky, = C. 

2 “ 1 


(1- 14 6) 


(1-147) 


(1- 148) 


\y> 


4- K . 

- K 

v 

) y ’ 


(1-148) la phuong trinh parabdn ma 
quy dao pha la 2 nda parabon vdi dudng 
chuyen doi: 

e = -y t = 0 (true y 2 ) 

Quy dao pha nay ling vdi ch£ do tU 
dao dong trong he rcfle: dao dong vdi bien 
do khong doi khi mat ck tin hieu vao x(t) 

= 0 . 

That vay, khi cho x(t) mot xung luqng 
duong rat. be d dau vao, (luc dau he chua 
lam viec, phAn hoi khdng co tin hi€u) 6 
dau ra cua role ly ttfdng co dai luqng +K; 

y 2 - dau ra cua khau tich phan cd tin hieu Kt; - dau ra eda he co ham 

t. 2 

K--- . Sau khi qua mach phAn-hoi, d6i dau va trd vh dau vao role vdi dai luqng 

am. Do do dau ra cua role se la -K va qua trinh cd the ma ti£p dien (6 day 
doc gi& cd the giAi thich vt sao vdi tin hieu kich thich rat be d dhu vao cd the 
tao nen giao dong bait t;)n, nang luqng Ay tit dau?). 

De he trd ve trang t.hai can b&ng, cd th£ dimg phAn hoi nOi nhu so do 
tren h.l-42. 

Dudng chuyen doi luon tUOng ling vdi e = 0 vi: 


Hlnh 1-41. 
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hlnh 1- 42. 

e > 0, y-, = +K 
e < 0, y 2 = -K 

Trong trUting hap co ph&n hfei ntii, dating chuyen doi la dating thang qua 
goc true nha ti h.1-43, vi: 


e = - (y| + rty 2 ) = 0. 


(1-149) 


Quy dao pha hoi tu ve goc 4- K \ 

true va giao dong tit dan. \ 

Neu quan sat ky quy dao pha, \ ^N. 

vtii h£ so ph&n hbi ltin, ta thay \ ^ 

co mot doan thang AB cua ~7 *“ 

dating chuyen ddi ma trong 0\ X 

pham vi nay chuyen dong s6 

duqc thUc hien theo che do \V 

trUdt nghia la theo dating 
chuyen doi chit khong theo 
quy dao pha (xem h.1-44). 

O he role thde (co viing 

kem nhay nh&t dinh) chuybn h \nb i-43. 

dong se theo dating gay khuc 
nha ti h.1-44. 

O che do trUdt, he co hanh vi nha mot. he tuyen tinh va chat lUdng cua 
he thong dtfdc nang cao. Do la mot dang cua nhting he co cau true bien doi. 

Mac du he co nhting uu di£m quan trong (tinh b£n viirng khi thdng so 
hien ddi) nhung viec tfng dung trong thde te co nhang han ch£ nhd: cd cau 
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lam viec d che 
do rung nang 
n'p va khi ho bac 
cao, phai dung 
mot so khau vi 
phan. 

The nhung, 
thay vi role lam 
viec d ohe do 
nang nhoc, 
nhdng ca cau 
dien t.U nhu eac 
bp rung cho 
phep lam vi&c 
vbi tan so cao 
da kh&e phuc 
nhupc diem noi 
tren. 

12.4.2. Oi(&u 
chfnh theo che 
dp trirort 

(3 h. 1-45 fid so 
do khoi cua he 
dieu chinh lam 
viec theo che do 
trtfpt vdi luat 
chuyen ddi d 
mach ph&n hoi 
trang thai. 



Hlnh 1-44. 



Hinh 1-48. 


Dai Jopng dieu khien u tit ca cau dieu khien (CCDK) chi co hai gia tri 
u mix va u min . Luat chuyen doi dtfpc thpc hien bang phan tii phi tuyen: 


U = U m.,x’ n * U > 0 ; 

U = u m,n’ n *u s(X s> < 0 

va theo (h.1-45): s(x^) =k^c - kjx s . 


(1-150) 

(1-151) 
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Cung nhu cf he dieu chinh trang thai thong thucfng (1-91), neu tinh den 
t Ac dong cua nhieu ta cd: 


x s = + b^u + b s| f, 


y - c J x . 

^ S S 


(1-1521 


O day cd rau dieu khien se thuc hien chiic nang chuyen doi, cd thdi gian 
tre rat be. 


De triet tieu sai lech tinh ngudi ta diing bo dieu chinh tich phan. Khi cd 
nhOfng tin hieu trang thai khong do dupe, dung den cd cau quan sat nhu ci 
phuong phap dieu chinh trang thai thong thudng, 

Khi cn che do trupt. lupng dieu khien nhanh chbng chuyen doi giUa hai 
dai lupng u nV(X va u mm d trang thai qua do cung nhu xac lap. Tan so chuyen 
doi phu thucc vao thong so cua lie va do trl cua dac tinh phi tuyen. TrUdng 
hpp ly tudng la do trl vd cung be va tan so chuyen doi vd cung ldn; va d mpi 
thdi diem: 


s('x s ) = k c c - k s ! x s = 0. 


(1J 53) 


Dao ham theo thdi gian cung ludn bang khong. nghia la: s(x K > = 0. Ket 
hpp (l-153i va (l-152i ta cd: 

six ) = k i: - k •x = k c - k 1 (A x + b u + b ,f) (1-154) 

N c S s, c S S S S si 7 v ' 

De (1-154) cd nghia, lupng di£u khien u phAi cd tri so xac dinh: lupng 
dieu khien tuong duong u ; do do: 



k c (1-155.) 

De u hufu han, 
k s l b s ^ 0. Do la dieu 
kien n6i tai d£ cd che 
dp trupt. Cd the xem 
lupng dieu khien tUdng 
dUcrng u ec| nhu dai 
lupng trupt trung binh 
cua tin hieu di'eu khien 
khi no nhanh ohong 
chuyen doi gitia u m;ix va 
u mm nhu cf h.l-46. Cach 
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tl-156i 


lai \an de nhu wi> ho phi p i ui ra di£u kipn ton tai che do truut. 

u < u < u 
nun ctj max 

TrUdng hop doi tupng dieu khien la he bac hai, H- 153) co dang: 

s(x s ) - k c c - (k,Xj + k 2 x 2 ) = ® (1-157) 


va duong chuyen doi la dtibng thang (h.1-44), neu cho k, = 1, ta. cd: 


Doan AB tren 
dudng chuyen ddi ay 
no ch£ do trUpt cho 
den trang thai cAn 
bang xac dinh bdi tin 
hipu dat c. 0 ch£ do 
trupt, he thdng lam 
viec nhu hp bac mot 
vi quy dao tudng ufng 
vdi dudng thang 
chuyen doi. O qua 
trinh qua do, bac se 
giAm di d che do 
trupt, do la dac diem 
cua nguyAn ly lam 
viec nay. 



Cung nhu d bp dieu chinh trang thai, viec tong hop hp lam viec d che do 
trupt cd the thUc hien theo phudng phap ap dat nghipm cUc hay cac phudng 
phap toi Uu khac [4], de cap den d phan II 

DiAu chinh theo che dp trupt cho phep sti dung co cau dieu khiA’n tac 
dong nhanh. Vdi nhtfng di'Au kien nhat dinh hp thong se cd tinh ben vung 
nghia la su thay ddi thdng s6 cua he khdng lam anh hudng den hanh vi ciia 

no, 


1.2.5. XAC D{NH THONG S6 TGI UU CUA B0 Ol£u CHINH THEO PHUONG 
PHAP QUY HOACH THl/C NGHlEM 

1.2.5.1. Khai niem chung 

Trong nhting muc tren, de chon va xac dinh thong so cua bo dieu chinh 
can cd lupng thPng tin day du: cAu true va thong so ciia ddi t.Upng, nhieu tac 
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n- i hong Cho 
nrn hum* dau tien la 
nhan dang doi tiring 

Nhi'feu t.ruang hpp, 
vifec nhan dang doi 
tiring co kho khan hoac 
khdng the thiic hien 
dupe. Ziegler - Nichols 
da de ra phuong phap 
xac dinh thong so cua 
ho dieu rhinh khong 
qua nhan dang [3]. 

Mot bp dieu chinh 
ty le dupe difa vao he 
thong nhu d h.!-48a va 
rang dan thong sh cua 
no sau khi dat tin hifeu 
bac thang of dau vao. Khi cd che dp dao dong vdi bifen d6 khong doi cua ham 
qua do (h i-48b), cac thong so tuong ring nhu k u , T u dupe sti dung de xac 
d|nh thong so cua cac bo dieu chinh khac nhau theo Mng 1-4. 


Ilimj* 1-4 


BOC 

hAm truy£n 

“□c 

T, 


P 

W dc<P» " k dc 

1 

0.5 K u 

- 

- 

PI 

W dctP> - k dc< 1 + - ] 

P T , 

045 K u 

083 T u 


PID 

W dc (p) = Kcfi + - + P T d) 

P T i 

0.6 K u 

0,5 T u 

0.125 T u 


Vifec chon bo dieu chinh nay hay bo difeu chinh khac tuy thuoc yeu cau 
v'e chat lupng dong va tinh cu the. 

Do su phat trife’n cua khoa hoc - cbng nghe, vifec danh gia chdt lupng cua 
he ngay mot chinh xac hem, va tinh da dan;>’ cua doi tupng cung dupe md 



Hinh 1-48. 
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rong. cac he so thpc nghiem tron tuy da ductc tong kd't trong mot thdi gian 
dai ciing c^ nen ap dung nhu so lieu dinh hudng ban dhu. Hon nfta, trong 
nhieu trUdng hop khong cho phep'he lam viec d che dp dao dong vdi bien do 
Idn trong thdi gian lau de xac dinh cac thong so va T u . 

PhUdng phap quy hoach thpc nghiem dupe ap dung s6m trong cac llnh 
vuc hda chat, luyen kirn v.v... cho phep vdi so lupng thi nghiem it nhat van 
xac dinh dupe cac nhan to toi Uu cho mot qua trinh [19]. 

Vdi mot qua trinh da cho, mo hinb toan hoc co the bieu thj hang chudi 
Taylo: 

y = F(x,, x k i = /J, + 2 A x i + ^ /V x i x i + X P ij x j 2 + - (l-159i 

J = I. | = I ' ' j = I J J 


Neu trong qua trinh tfcn tai nhtfng bien cd the quan sat dupe va dieu 
khien dupe. bien doi cua y la ngau nhien thi cac he so hoi quy b (> , b ( , b (j , b M 
lit t.hUe nghiem se la Udc iupng cua /i i , fi j, 

7=^*1— V = K + X, h , X J + . i V, x j + S k , b ,jY + ■■■ (1 - 160) 


ilia ehung dupe xac dinh theo phuefng phap bmh phuong nho nhat. 

A = v | Y| _ y y = V [y ( - F(x r b r b ( ...)]“ = min U-161) 

Cac he so hoi quy dupe xac djnh tit dieu kien toi Uu: 

jiJ dJ dj 

— - 0 , - = 0 , - =0 i 1-162) 

()b o db ( iib 


Neu dung phuong phap quy hoach thpc nghiem de nhan dang ddi tupng 
[27] thi nhan to cua quy hoach la thong so cua mo hinh cri cau true xac dinh 
trude va chi t.ieu chat lupng cd the la binh phuong sai lech gidfa dap ufng cua 
ddi tupng va cua mo hinh song song. 

Neu dung quy hoach thUc nghiem de xac dinh thong so cua co cau dieu 
khien hay bp dieu chinh. khong qua nhan dang, thi nhan to cua quy hoach la 
thong so cua co cau dieu khien hay bo dieu chinh da chon trude, va chat lupng 
cua he dupe mo tA theo phuong trinh hoi quy (1-1 GO) [281 mil ta se xac: dinh 
cac he so bb (1 b i( , bang mot so lupng thpc nghiem khong Idn. 
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* 7 


© 


©■ 


1.2. 5 . 2 . Xac dinh thong s6 toi iru cua bo dieu chinh 

Thong so cua ho dieu chinh la k Jc , T ( , T d hoac ducfi dang khac; T n , T v , T, 
tudng ling vdi nhan to x r x^. d phudng trinh hoi quy. Chang han khi dung 
bo dieu chinh ty le tich phan 
(PI) ta co 2 thong so - k dc va 
T r Sau khi mac bo dieu chinh 
nav vao he thong ma doi 
tudng dieu khien chua xac 
dinh. ta t.hay doi k dc va T vdi 
so lupng thi nghiem d 2 miic 
trong vimg tuyen tinh la: N = 

2n = 4 tn la so lupng cac 
thong so can bien doi). Trong 
vimg gan toi itu, thi nghiem 
dupe thtfr hien d ba mUc, va 
so ludng to hop thi nghiem la: 

X ’ 2 n 4- 2n + n n = 9 nhu d 
>i.l-40 tn [( la so lifdng thi 
nghiem d tam quy hoach). 

Phudng trinh hoi quy (1-160) 
dupe chon trUdc. Sau khi thuc 

nghiem, viec kiem nghiem lai vung quy hoach la tuyen tinh hay gan toi Uu, 
kiem tra lai cac he so hoi quy, mUc do phu hdp cua phuong trinh hoi quy la 
dua theo cac tieu chuan Student, Fisher cho trudc [191. 0 moi thi nghiem. 
cac thong so cua bp dieu chinh tao thanh mot td hdp (mot didm d h.1-49) va 
cho ket qua nhat djnh \e chat lupng J. 

Cac. he so cua thong so tinh theo dai lupng tUdng doi: (-1, 0, +1), cac gia 
so ± 1 la t.ri so tUdng doi so vdi tri so goo cua thong so da chon. 

Trong dieu kien quy hoach la trite giao, cac he so cua phudng trinh hoi 

q«y 


© 


7 ^ 8 


Hlnh 1-49. 


J = b + 


b\\ { + b 2 x : © b 12 x ( x- 


+ b |lX| 


b 22 x 2 : 


(1-163) 


dupe xac dinh da n gian theo: 
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(1-164) 


N 

«? ,V- 


b i = 


1 - 1 


. ? ,V 


b ;i . = 


N 

. S 

i = 1 


^Vk , 1 

I - 1 1 


(1-165) 


Ne'u ton tai cue tri thi toa do cua diem cue tri chinh 1A thong so t6i uu 
ma ta cAn tiin, xac dinh chfit lupng tdi uu cua h$. BAng mot trong cac phUdng 
phap toi au chuyen d6ng den cue tri, ta co the xac dinh dupe thdng so can 
tim. 


1.2.5.3. Vi du Lrng dung 

Vdi h£ dfeu chinh tdc d6 dong cd da khAo sat d h.1-18, ta dung bd dieu 
chinh PII) vdi cau true: 

,, < T nP + i>< T v p + i) 

. v V' ( p» =-=- • 

T iP 

De do quan sat tren mat phang thdng so ta bien doi 2 dai lupng: 

T n - T v = (0,05 ± 0,01) s. 

Chi tieu chat lupng dupe danh gia theo thdi gian qua dd va lupng qua 
dieu chinh. Ket qua thUo nghiem ghi d bAng 1-5. Khi lam thuc nghiem 3 mtfc, 
ngoai 2n thi nghiem g6e (1 den 4) goi la "nhan" con cd 2n thi nghiem goi la 
"diem sao" (5 d£n 8) va 1 di£m a "tam" (diem 9). Toa do cac "di£m sao" dupe 
xac dinh theo so lupng nhan to nhu d bAng 1-6. De ma tran quy hoach trd 
nen true giao, viec tinh toan trd n£n ddn giAn hdn, cac he so binh phUdng da 
dupe tinh lai theo: 

N 

2 y 

X 1 ' =X; 2 - 1 . (1- 166) 

> ' N 
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Bang 1-5 


N 0 

Xo 

xi 

X 2 

X 12 

XI 

*2 

J 

1 

+1 

+1 

+1 

+1 

1/3 

1/3 

139 

2 

+1 

+1 

-1 

-1 

1/3 

1/3 

380 

3 

+ 1 

-1 

-1 

+1 

1/3 

1/3 

7,26 

4 



+1 

-1 

1/3 

1/3 

3,80 


+1 

+1 

0 

0 

1/3 

-2/3 

1,70 

6 


-1 

0 

0 

1/3 

-2/3 

5,80 

'7 

+ 1 

0 

+1 

0 

-2/3 

1/3 

1,70 

8 

+1 

0 

-1 

0 

-2/3 

1/3 

5,80 

9 

+1 

0 

0 

0 

-2/3 

-2/3 

3.10 


Ket qu£ tinh toan 
theo so lieu d bAng 1-5 
cho ta cac he so cua 
phufdng trinh hoi quy 
(1-163): 

f = 3,25 - l,662x l - l,662x 2 + 0,2625x,x 2 + 0,425 Xl 2 4- 0,425x 2 2 (1-167) 
V6i phtfdng trinh hoi quy (1-167), bang phtfdng phap Gauss-Zieden di£m 
otfc tri da dtfdc xac dinh v6i: 


Bang 1-6 


n 

2 

3 

4 

5 

NhSn 

2* 

2 3 

2 4 

2 5 

a 

1 

1,215 

1,414 

1547 


vcfi: 


T n * = 0,065 s, 
T v * = 0,065 s, 


T t = 0,00461 s = const. 

Tren h.1-50 dtfcmg 
1 la ham qua do cua he 
di'eu chinh PID co thong 
so xac dinh theo phtfdng 
phap quy hoach thtfc 
nghiem va d6i ttfdng 
dieu khien chtfa biet 
con dtfbng 2 la ham qua 
do cua cung he di'eu 
chinh t6c do dong cd vdi 
bp dieu chinh PID 
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nhtfng thong so xac dinh theo phadng phap toi Mu bu nghiem trdi cua ddi 
tuong co thong so va c£u true cho trade. 

Nhu vay, phadng phap quy hoach thde nghiem eo th£ dung de xac dinh 
thong so toi ifu cua bo dfeu chinh khi doi taong dieu khien chda xac dinh, 
nhidu tac dong vao doi tddng cung chda biet va qua trinh nh&n dang cung 
khong can thi&t. Chat lddng toi du la mot chi tieu b£t ky (lddng qua dieu 
chinh, thdi gian qua do rieng re hay tieu chuan hon hdp) mien \k ton tai ede 
tri. So lddng thqc nghiem khong lorn mac du d vi du nay dung quy hoach toan 
phan. Phddng phap quy hoach thqc nghidm con cho phep gi4m nho hdn ntita 
so Ian thqc nghiem ma khdng anh hddng den dd chinh xac dang ke, Nhdng 
thi nghiem da dddc thqc hien co' the dddc chon de khong dnh hddng den che 
do lam viec binh thddng cua he. 

1.3. TOI ITU HOA THEO BINH PHITONG CIJC TIEU 
0OI VOI HE TUY DONG TUYEN TINH 

1.3.1. KHAI Nl^M 

O muc 1.2 da de cap den cac phadng phap xac dinh thong so tdi du cua 
cd cau dieu khien hay b6 dieu chinh khi lddng t.hdng tin ban d£Lu la tddng 
doi day du: cau true va thong so cua doi tddng dieu khien trong phan 16n 
tracing hdp deu da xac dinh (loai trit muc 1.5), tin hi£u vac va nhiiu deu cd 
dang bae thang hay mot. ham xac dinh va cung nhd khong cd dieu kien han 
che rang buoc nao dude dat ra. 

Lieu he cd lam viec tot trong dieu kien thqc te, khi ma cac tin hieu tac 
dong la ng&u nhien khong? 

Npi dung cua phan nay la xac dinh thdng so toi du cua he tuy d6ng theo 
cite tieu cua binh phddng sai lech khi biet dac tinh thdng ke (mat do pho) 
cua tin hieu vao va nhieu. 


1.3.2. XAC DINH THdNG Sd TOl UU KHI CHO TRITOC CAU TRUC CUA 
CO CAU DltU KHl£N 


1.3.2.1. Truing hop khdng c6 x ^ 


y _ 

dieu kien han ch£ 

W(c t ,p) 



0 tritong hop tfen dinh trade day, 

L 

L 



cac thong so* c ] cd th£ dddc xac djnh 
theo dieu kien cqc tieu cua phiem ham 


H\nh 
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(h.1-51 hay h-1-2) 


J L ,(c k , c 2 , .... c k ) = | e 2 (t)dt 

Theo dinh ly Parseval: 

1 » 

J. =- j | E(j w) | 2 do, 

JT 0 

ma E(p) = Y o (p) - W(Cj, p) x (p) vdi p = j oj 


(1-168) 


(1-169) 

(1-170) 


Thong so toi tfu la nghiem cua cac phifcfng trlnh: 


()C. 


= 0 (i = 1, 2, 


k) 


(1-171) 


Phtfdng trlnh (1-171) co the gi&i trtfc tiep hoac co th£ dung cac bAng 
tinh tich phan (d phu luc) sau khi da dha ve dang: 


b(-joj) b{ja>) 

E(jtt>) 2 = E(jtu)E(- jc4>) = ----- (1-172) 

d(-jw)d(j m) 

Trong trtfdng hdp ng4u nhien. chat ltfdng dtfdc danh gia theo tning binh 
binh phddng cua sai lech, va hang: 


J,(Cp c 2 , C K ) 


M{e 2 } 


1 30 

- j S (a>)dct>. 

JT () 


(1-173) 


Mat do phd cua sai lech S t .(to) cung co the dua ve dang (1-172) tron va 
sau do, dung phildng phap xac dinh c- t nha d he tien dinh (1-171). 


Vi du utta dung I 



Vdi he tiiy dong cho d h.l-52a 
nhilu f la on trang va khong tddng 
quan vdi tin hieu vao x: 

S n (io) = B 2 , 

S xt (jo>) - S |y (jo») = 0. 

Hay xac dinh thfing so toi du cua 
K vdi di£u ki£n sau: 




■> * 'I 


Hlnh 1-B2. 


67 





Trong tnidng hpp nay tin hieu ra ly tudng chinh La tin hieu vao (y d = x) 
theo h.1-2. Hinh l-52a va b tUcfng duang nhau v'i h6 kin dupe xac dinh bdi: 

K/p K 


W(p) =- 

1 + K/p 

Sai lech dUtfc xac dinh bdi: 


K + p 


e = y n - y = x - y = x - W(p)(x + f) 

= [1 - W(p)]x - W(p)f 
P K 

= - X - - I. 

K + p K + p 
Til do: E(p) = Wjp)X(p) - W t (p)E(p). 

W x (p) La ham truyen giCra dau vao x(t) va sai lech e(t) con W f (p) chinh la 
ham truyen cua he kin da noi tr6n (h.l-52b). M$t dp pho dupe xac dinh tudng 
ufng: 

S c (a>) = | W x (j«>) | \(cu) + | W f (joo) | 2 S f (oi). 


Til do, theo (1-173) 


JJK) =M{e 2 (t)} =— j 


2l 2 A 2 OJ 2 


7T o (a 2 - w 2 )(K 2 - 


1 - k 2 b 2 

— duj 4-— /—-- 

oj z ) n i) K 1 - uj 




1 * (aAa>)(-aAwl 

=- J -r--—----—- d^ + 

ji o [oj 2 +‘ (a + K )w) + aK] [w 2 - (a + K)oj) + aK] 


1 oc KB X KB 
+ - / 


dan. 


ji o (K + o>)(K - a>) 

Theo bang tich phan d phu luc ta tmh dupe: 

1 a 2 A 2 

JJK) =-[KB 2 +- J. 

c 2 a + K 


Til dieu kien t6i Uu: 


l 2 A 2 


dtJ„ 1 , 

— =- [B 2 - 

aK 2 (a + K) 2 


1 = 0 , 


A 

ta tinh duoc: K* — a [- - 1] va ch&t lucrng toi Uu dude danh gia bdi: 

B 

B 

' i min ~ a B(A - - ). Tri so nay la thdng s6 toi Uu ling vdi cUc tieu cua phi£m 


68 



ham tren vi: 

a 2 J . a 2 A 2 

- 3 = -> 0 ; 

UK 2 (a + K) 3 

a va ty so — cang I6n, K* c&ng tang va K* chi ton tai khi A >B - cUcing do 
cua tin hieu co ich x(t) lcfn hdn nhilu f(t). 

Khi B >A, - ludn dUdng va J luon tang cung vcJi K. 

'll/ - 


Vi du ting dung 2 


He tiiy dong nhu a h.1-53 
vdi mat. do pho cua tin hieu cd 
ich: 


S*>> 


1000 

O) 2 (0,01 - w 2 ) ’ 


va nhidu la on trang 

S ff (u>) = 1; S Kf (j6u) = 0. 

Cung nhu d vi du 1, ta xac 
dinh: 



Hlnh 1-53. 


w x (p) 


5p + p 2 
5K + 5p + p 2 


; W f ( P ) 


-5K 

5K + 5p + p 2 ’ 


va: J e (K> 


1000 25,5 + 0,1K K 

- - + - . 

K 0,51 + 5K 2 


Tif do tinh dupe K* = 27; J emin = 21,2. Ham truyen hd kin toi Uu, vo 
K = K* = 27 se \k: 

135 

W*(p) =- T , 

135 + 5p + p 2 

tUdng dng vdi tan so rieng iv n = 11,62 va he so suy gi&m C = 0,215. He so 
nay tUdng doi be, luang qua dieu chinh lan (xem h.1-5), do chinh la nhude 
diem cua chi tieu chat luang (1-9) theo binh phuang cua sai lech, nh£t \k khi 
khong cd dieu kien han chd. 
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Trong vi du tren, neu giAm K ttf 27 xudng den 15, J se tang tif 21.2 len 
d'n 30 nhtfng he so suy gi£m £ cung tang td 0,215 len den 0,288. 


1.3.2.2. Trudrig hap c6 dieu 



Hlnh 1-54. 


Gn han che 

Thong thtfqng, sau khi da xac dinh 
duoc cac thong so toi ifu, can kiem tra 
xem cac bien trung gian co' vuot ra khoi 
pham vi tuyen tinh khong, mot khi he 
difdc khao sat la tuyen tinh. Trong 
trtfbng hop ay viec dtfa them vao dieu 
kien han che la can thiet. Nhii vay dieu 
kien cho trtfdc ndi tren con co: 

M^iCj, p) - h&m truy£n giOfa y va j 
tin hieu can han che (h.1-54). Dieu kifen 
han che: 


'Jy <c i* = £ YnvJ- 

De xac dinh th6ng so toi Uu can ph&i tinh: 

1 00 

J c (c ) =-J S (o>)doj, 

JT 0 


1 oc 

J„(c ) —- / SJaOdo, 

' 71 0 ' 


va hlnh thanh chi tieu chat ltfdng moi: 

J = J c + XJ yt 
Gi&i he phtfdng trinh: 


dJ/f’JCj = 0, 

— y 5 

de xac dinh c ( * cung he so X la he so Lagrange. Trong trUdng hop co dieu 
kien han che, h&m ton that (chat hrong ciic ti£u) co dang tong quat: 


J 


= J 


K 

+ s 
] = 1 


Vn- 


(1-174) 


Vi du ung dung 

H£ so so da khoi nhu d h.1-55 v6i hai thong so can xac dinh: K va T. 
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nhil sau: 


vao cd mat do pho x J 

kJ 

K 


V 

) 

- 

i 


/ + pT 


P 


S yx lw 1 =-j-2 ! 

l-oi 


S {{ ( uj ) = B-; S^O) = 0. 
va dieu kien han che: 


Hlnh 1*55. 


M{v 2 }< — . 

4 

Nhu cac vi du tren, chi tieu chat ltfpng duac xac dinh bdi c\ic tieu cua 
phiem ham: 

1 x 

j (K T) =— / rS f (o>)W f (jo>)W(-jo>) +S Y (o>)W Y (j^) W y (-jw)3dw. 

JT 0 X 


vdi W (p) = - -- ; W (p) 

1 K + p + Tp 2 

B&ng each tinh nhu tren ta co dtfdc: 


p + Tp 2 
K + p + Tp 2 


, 1 + T + KT 

2-1 (K, T) = B 2 K +- = 2J + 2J 

c 1 + T + K Ll LX 

De xac dinh thong s6 tdi iiu, ta U'y dao ham cua bieu thufc tren theo T 
va K: 

3J, K(K + 2) 

2—- L =- — 

rlT (1 + T + K) 2 

Vdi K > 0, T > 0; -J e ludn ditdng, tang cimg vdi T khi khong co dieu 
kien gidi han. Do do khi chon, can chon T nho nhat vdi mtfc co' th£. Dao ham 
theo K: 

T 2 - 1 

2 -^ =—--.+ B 2 = 0; 

r)K (1 + T + K) 2 


v/l - T 2 y/l - T 2 

K* --T - 1; Vdi T < 1, B <- 

B 1 + T 


n 







Khi T < 1 thi 


luon dtfOng va cri ctfc ti£u theo K. Mat khac 


he so say gi&m se be va bang: 


4K*T 4T(1 - B) 


(khi T be) 


(khi T va B be) 


Bay gift, vdi di£u kien han che: 

1 » 

J V (K, T) =— j [S r (a»)G f (^)G f (-jo>) + S x (ci>)G x (jo>)G x (-jco)]d^, 

71 0 


v6i: G f (p) - G x (p) =- 
Ket quh tinh cho ta: 


K + p + Tp : 


, b 2 k 2 

2J„(K, T) =- +■ 


1 + K + T 


= 2J v r + 2J^; 


(khi T va B be), va 


(1 - B> 2 


(khi T be) 


2J = _ (khi T va B b<5). 

™ B 

,Nha vay J v} tang khi T gihm va tri s6 chfi'p nhhn dvrqc, duoc c6 dinh bdi 
noi han cua v. Cac th6ng so K, T ditqc xac dinh theo dieu kien gidi han: 

B 2 K 2 K 2 V 2 

2J (K, T) =- + - = -J2- ; 

v T 1 + K 4- T 2 


71 - T 2 

K = - - T - 1: 

B 


ou T be: 


K ^ 


1 



b 2 k 2 _ v o 2 

T 2 

Vi du khi B =-l , V o 2 

Tinh toan chinh xac cho 
ket qui: 

K* = 2,75; T* = 0,25. 

Diem P cf h.1-56 the 
11 

hien che do toi Uu cua he 
dupe co dinh bdi di&u kien 
gidi han Nhu da th£y d 
h.1-56 theo bi£n T, J C (T) 
cang be khi T cang be, tri so. 
V > xac dinh gia tri cifc ti£u 
cua T. 


K 2 

T7k’ 

3 

= 8; K' = 3 va T* =- . 

8 



Ket luan 

Nhufng vi du da neu d muc 1.3 cho th£y cf hd ti£n dinh hay h£ ngau nhidn, 
phtfdng phap gl£i rich cd cd sc gidng nhau nhtfng he cang phde tap, vi£c xac 
dinh thong so tdi Mix cang mat nhibu thei gian. Do do nhtifng phUdng phap 
nhanh chong x£c dinh cac thdng s6 t6i Uu ctia co c£u difeu khi£n hay b6 di£u 
chinh cd y nghia ldn. Nhvfng phtfemg phap da neu trong cac muc I2J, 2.2* 
2.3 deu cd nhtfng dac did’m ridng, phuong phap nao nen ap dung vao trudng 
hdp nao la tuy thuoc vao y6u cau va dibu kien cu th§\ Tuy nhien trong phan 
I ta cung chi d£ c&p d£n c£c h§ tuy£n tinh, di'6u ki$n gici han cung mdi chi 
de cap den cf mdc dd nhat dinh. 



Phan II 


Dieu khien toi Uu 

11.1. OAC DIEM CHUNG CUA CAC BAI TOAN TOI UU 

11.1.1. KHAI NliM 

Mot he dibu khien ludn thiet ke de lam viec of che do toi Uu theo mot. 
nghia nao do. Mtfc do phufc tap tuy thuoc vao yeu cau ve chat luong dat ra, 
tiiy thuoc vao lUdng thong tin ban dau ve doi tUdng dieu khien, ve cac tin 
hieu tac dong vao he thong. Trong phan I da de cap den nhtfng t.rUdng hop 
va phucsng phap gi&n don thudng gap. 

Nhu da thay, trong nhieu trUdng hop neu khOng co dieu kidn han che thi 
trang thai toi Uu khong xac dinh dude nhUng vdi dieu ki£n han che, bai toan 
se trd ndn phufc tap hon. Do do ma bai toan Wiener it co' y nghia thuc dung. 

Trong phan nay se neu len nhung phuong phap mcfi, nghifen cdu ve cac 
he toi Uu vdi cac dieu ki£n han che tin hieu dieu khien va doi tUdng khac 
nhau do nhu cau thUc tidn dat ra. 

Da hinh thanh hai hudng nghien cdu ve cac he toi Uu - ly thuyet dieu 
khien toi Uu cac he co ludng thdng tin day du vb ddi tuong va nhi£u va ly 
thuyet dieu khien ttfi Uu vdi tac ddng ng&u nhi£n. 6 day se c&p den hudng 
thU nhat. 

11.1.2. HiNH THANH BAI TOAN Tdl UU 

Budc quan trong trong viec xay dung he toi Uu la xac dinh chi tieu chat 
luong. Chat luong J phu t.hupc vao luong dibu khien u(t). Nhi$m vu ccf b&n 
trong viec xay dung h£ toi Uu la bio d&m cUc tri cua chat luong. Nhu khi xay 
dUng he toi Uu tac dong nhanh thi yeu cau doi vdi he la nhanh chong chuyen 
th trang thai nay den trang thai khac vdi thbi gian qua do nho nhat, nghia 
la cUc tieu hoa thdi gian qua do. Khi tinh toan dong co ten Ida thi chi tieu 
chat lUcfng la vuot dUOc khoang each ldn nh£t vdi luong nhi£n lieu da cho. 

Nhu vay doi vdi hd toi Uu ta cd: 
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J(u, y, t.) — extremum. 


( 2 - 1 ) 


Chi tieu ch£t lupng J phu thu6c vao tin hieu ra y, tin hidu dieu khien u 
va t.KcJi gian t. Bai toan di'£u khien toi Uu la xac dinh dieu khien u lam cho 
chi tieu chat lupng J dat cUc tri vdi nhrfng dieu kien han chd nhat dinh cua 
u va y. Dai lupng y phu thudc vao luat dieu khien u(t) la mot ham theo thcfi 
gian nen goi \k phiem ham, con y(t) va u(t) thoa man di£u kidn (2-1) goi la 
dudng cue trj. 

Chi tieu chat lupng thUcJng co dang phidm ham nhu sau: 


J = /o[y(t), u(t)]dt 
n 

o a b U 

a) ' -*-‘-- 





Hinh 2-1. 


( 2 - 2 ) 


Trong thUc te thudng gap cac 
bai toan xac dinh di£u khien toi Uu 
u(t) va trang thai tdi Uu y(t) la ham 
cua theti gian vdi dieu kien bien y(0), 
y(T). 

Vdi bai toan toi Uu tac dong 
nhanh G = 1 va yeu c&u J = min 
chinh la yeu cau T = min 

Dieu kidn han che dupe dat ra 
vdi tin hi§u dieu khien u(t) va vdi 
trang thai y(t) cua h£. Dang tong 
quat la: 

u <= Q(u) , 

(2-3) 

y e r(y). 

Vi du, dieu khien u(t) co the 
dupe gidi han theo dai lupng 
(h.2- la): 

a < u < b (2-4) 

Neu u dupe gidi han ve dai 
lupng (u = u A ) va dao ham cua no 
du 

(u, = — ) thi vung difeu khi£n cho 
*■ at 

phep nhu d h.2- lb. 
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a, < U( < b. 


(2-5) 


a 2 < u 2 < b 2 

Neu tin hieu dieu khi£n difdc gidi han bdi tri so bien, didu kien ban che 
co dang: 

|u| < 1 (2-6) 

nhtf cr h.2- lc n£u trong su6t 
thOi gian dieu khien [0, T], 
ham u(t) co gian doan goi la 
ham gian doan tifng doan. 
Thudng gap trong thtfc te 
nhQng ham tiing doan gian 
doan la nhting ham tiing doan 
khong doi (hinh 2- Id). Tri s6 
1 la tri s 6 tuong doi. Difeu kien 
han ch£ dieu khien u trong 
nhi'eu trudng hop la han che 
ve nguon nang luong. Difeu kien han ch£ ve toa dd pha (trang thai) thtfOng 
la tit dieu ki£n an toan d6 hen co hoc v.v... Vi du goc quay vk toe do quay 
cua banh lai dtfdc gidi han hdi do ben cua cau true may bay va ltfdng qua tk\ 
cho phep, con gia tdc quay banh lai difoc xac dinh bdi momen toi han cua cau 
true banh lai. 

Xac dinh difeu khien tdi uu u(t) va dua vao do tdng hop he, nghia la xac 
dinh c3u true va th6ng so cua co cau difeu khien co thd dude thife hi6n theo 
he ho hay h£ kin (h.2-2a vh 2b). 0 h§ hb (h.2-2a) di£u khien u(t) khdng phu 
thuoc vao toa db pha y(t) con b he kin (h.2-2h) thi ngude lai vi x = y - y 
ma y o = y n (t) l£ luat di£u khi£n cho trubc. Do do: 

u(t) = u[x(t)]. (2-7) 

Nhiem vu cuo'i ciing de xay dtfng hb toi Uu la xac dinh luat difeu khien 
(2-7) d£ tdng hop hb. Dau tibn xac dinh cac qud trinh t6i tfu = u*(t) va x*(t), 
sau do loai tri* ybu to thbi gian de co u(x), tir day xac dinh cau true va thong 
s6 cua co c5u dieu khib’n. 

11.1.3. Vf DU HlNH THANH CAC BAI TOAN Ol£U KHlE-N T6l UU 

Trong ph&n nay se nbu len nhting vi du khac nhau vb viec hinh thanh 
bai toan va nhung vi du ay sb dtfdc stir dung b nhting phiidng phap khac nhau. 



b) 

Hinh 2-2. 


76 







11.1.3.1. Oifeu khicfn d$ng c a m6t chieu 

Doi ttfdng dieu khien la dong cd mot chieu kich tit doc lap (h.2-3a>. Goc 
quay cua ddng cd (9 va dong di&n 
mach phan dng lien he nhau theo 
phitdng trinh can bang momen: 

d 2 S 

\c(p — J——^ 4- M c , 


dV 


( 2 - 8 ) 



u j 

\ 

y r 

(n m 

p 1 

(&) 


H>nh 2-3. 


trong do: i - dong dien mach ph&n 

ring - tac d6ng dieu khien; c - he - 1 I ' r 

so; <p - t\f thong kich thich; J - 
momen quan tinh mach phan ring 
va phu t&i qui ve true dong cd; M c 
* momen c£n, 0- goc quay cua dong 
cd - tin hieu dtfdc di£u khien; t - thdi gian thiic. 

De gian ddn ta kh&o sat truefng hdp khdng t£i (M c = 0) va dung then 
gian ttfdng doi: 

. n* 

I = t/ T’ 


(2-9) 


tit do bieu thde (2-8) cd dang: 

d 2 S 

dT 1 

Neu i la tin hieu dieu khien v& 0 16 tin hi£u dtfdc di£u khien, cu6i cimg 
ta cd: 

d 2 y 

dJ 


= u. 


( 2 - 10 ) 


sd do khoi nhu d h.2-3b. 

Vdi doi ttfdng tren cd the hinh thanh cac bai toan khac nhau ve chi tieu 
chat ltfdng, ve dieu kien han che. 


11.1.3.2. T6i Lru 16c <J6ng nhanh 

Ddi vdi bai toan toi uu tac dong nhanh, nhtf da neu tr£n, chi tieu chat 
ltfdng cd dang: 

J = / dt = T. (2-11) 

o 
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Bat loan / 


Hay xac dinh qua trinh toi Uu - tin hieu dieu khien u(t) - va toe dp dong 
cd y(t) thoa man (2-10) va cUc tieu hoa phiem ham (2-11) vdi cac difeu kien 

sau: 

a) Tin hieu dieu khi£n j u | <1, 

b) D6ng cd quay mot gdc bang: 

/ ! y(t)dt - (2-12) 

n 

c) Dieu kien bien cua tdc do: 

y(0) ~ o> n , 
y(T) = u> T , 

co the dupe thay the de trd nen giAn ddn. bang bieu thtfc: 

y(0) = y(T) = 0, (2-13) 

nghia la bat dau quay va difng lai sau khi dat dupe mot gdc 8 n . ling vdi dieu 
kien nay, neu lay goc true cua toe do la y(T) = 0 thi t.Udng tfng vdi (2-12) cd 
y( 0) = -#(0). 

Bat loan 2 


Neu dat di£u kien han che la dd phat. nong cua dong co hay ton hao nang 
lupng bang t.ri s6 cho trUdc thi bai toan se la: 

Hay xac dinh qua trinh toi Uu cua u(t) va y(t) thoa man (2-10), va cUc 
tieu hoa phiem ham (2-11) vdi cac dieu kien sau: 


S y<t)dt = 8 , 

I) 

/'u 2 (t)dt = q 

I) 


(2-14) 


va dieu kien bien bang khong (2-13). 

II. 1.3.3. N&ng su£t t6i iru 

Nang suat. dupe xac dinh bang gdc quay ldn nhat trong thdi gian T nhat 
dinh. Phiem ham cd dang: 
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(2-15) 


J = / y(t)dt 
o 

Bai toan 3 Hay xac dinh qua trinh toi uu u(t) va y(t) thoa man (2-10) 
va cue dai hoa phiem ham (2-15) v6i ki§n han ch£ cua tin hidu dieu khien: 

| u | < 1, (2-16) 

va dfdu kien bi£n cua toe dd bang khong (2-13). 

Neu cho trude tri so gidi han cua tdn that nang ktdng con u(t) khong co 
dieu kien han che (2-16), ta co the hinh thanh mot bai toan khac. 

Bai loan 4 

Hay xac dinh qua trinh toi Uu u(t) va y(t.) thoa man (2-10) cUc dai hoa 
phiem ham 12-15) v6i dieu kien han che cua tdn that nang luong: 

J u 2 (t)dt = q n 

a * 

II. 1.3.4. Tiet ki§m nang ♦trgrng toi uu 

Trong trUbng hop lay chi tieu chat luqng la ton hao nang luong thi muc 
tieu la cue tieu hoa ham ton thdt: 

J = / u 2 (t)dt, (2-17) 

i) 

ta cd bai toan 5. 

Bai loan 5 

Hay xac dinh qua trinh toi Uu u(t) va ylt) thoa man (2-10) cue tieu hoa 
(2-17) vdi dieu kien cho trUdc: 

/ y(t>dt - 6 , 

0 

va dieu kien bien cua toe do bang khong (2-13). 

Thay doi dieu kien cho trude ta con cd the cd nhtfng b£i toan khac. Bay 
gid, hay kh4o sat nhUng doi tuqng loai khac. 

11-1.3-5. T6i uu lac dQng nhanh d6i vdri hai muc ti6u di ddng 

Mot doi tuong A chuyen dong thang, deu, theo phuong trinh: 

y A = a + bt, (2-18) 
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ma - toa do cua ddi topng A; con a, b la cac hang sd. 

Cung theo hudng nay, ddi tuong B co tpa dd y H chuyen ddng vdi phtfdng 
tnnh: 


u, 


(2-19) 


T d2 yR . d y» = 
dt 2 at 

vdi dieu kien dau: y R (01 = y R (0) = 0. 

6 day, T la hang so then 
gian cua ddi tuong B. Tin hidu 
dieu khien u tuan thu di£u 
kien han che (2-16) Bai toan 
dat ra la dieu khien u se bidn 
ddi nhu the nko de trong thdi 
gian ngan nhat vi tri va tdc do 
cua A va B trong khdng gian 
triing hop nhau (h.2-4). Trong 
thtfc te cd the gap trudng hop 
nay khi may bay nap nhien 
lieu trdn khdng. May bay chda 
nhien lieu cd chuydn dong thang deu, con tac dong dieu khidn chn tim la lire 
keo P cua may bay din duoc nap. 

Ta can cd mot so bien doi trUdc khi hinh thanh bai toan toi tfu nay. 

Luc keo cMc dai va cilc tieu cua may bay deu duong, do do dd cd dieu 
kidn (2-16), thay vi P, ta dung dieu khidn: 



2P 


+ P. 


u = 


P - P 

max min 


P - P 

max min 


Dita vao lupng ch£nh ldch cua toa dd hai ddi tifdng: 

x = y» - y A - 

Thay the (2-18), (2-20) vao (2-19) ta cd cac toa do y A , y R tir: 
d 2 x dx 

T -- + - = u - b 

dt"- dt 


( 2 - 20 ) 


( 2 - 21 ) 


Dieu kien dhu ciia (2-21) duac xac djnh tir (2-20) va di£u ki£n da cho. 
. x(0) = y R (0) - y A (0) = -a 
x(0) = y R (0) - y A (0) = -b 


( 2 - 22 ) 
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Neu dung phtfdng phap mat ph&ng pha d6i vcfi bidn x nghia la: 

dx 

X 1 ^ x ’ X 2 57 " ’ 

thi bai toan dat ra la dua mot diem tir vi tri ban d&u <xj = -a, x, = -b) den 
goo tpa dp cua mat phing pha d h.2-4b. 

Bdi loan 6 

Hay xac dinh qua trinh toi Uu u{t) vk y(t) thoa min (2-21) cUc ti£u boa 

* 

ham: 

J = / 1 dt = T . , 

^ mm 5 

vdi dieu kien han che ciia tac dong dieu khien (2-16); | u | <1. 

Dieu kien dau cua tpa dp x (2-22) va di£u kien bien bang khong: 

x(T) = x(T> = 0 

11.1.3.6. J6\ tru t£c dpng nhanh vbri d6i tupng i 

PhUdng trinh vi phan cua doi tupng i: 
d 2 y 

—— + y = u. (2-23) 

dt 2 

Dieu khidn u co dieu kipn han ch£ dang | u | <1. Nhi£m vu dat ra la 
xac dinh dieu khid’n toi Uu tac dong nhanh, dua tpa do y tit vi tri ban dau: 

y(0) = -1, 

cd y(0) = 0, (2-24) 

den vi tri cuoi: y(T) = y(T) = 0. 

Dd cd the la trUbng hop mot c'Au 
true dich chuyen mot tfti trpng m treo 
tren day nhu d h.2-5. Vi tri tdi cua cau 
true dupe xac dinh bdi toa dp u cd the 
dich chuyen voi toe dp bat ky trong gidi 
han: - 1 < u < +1. Vi tri cua tAi trpng 
m dupe xac dinh bdi tpa dp y. Neu khong 
tinh ddn luc ma sat, dp dan hoi cua day 
treo, luc c£n cua khong khi v,v... thi 


0 +! u 



-/ o +-/ y 


Htnh 2-fi 
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phUdng trinh mo td d6i ttfpng nhu d bigu thdc (2-23) ma sau khi da chudn 
hoa de cac he s 6 la ddn vi. Bdi toan ddt ra la xac dinh dieu khi£n u de tdi 
trong nhanh chong den vi trly = 0, vdi toe dp tai diem difng cung bang 
khong. 

D6i vdi doi tUdng nay, khong th£ chon toe d6 bat ky nao (be hay 16n) 
cung co th£ dich chuy£n tdi tit y = -1 den y = 0 bang each dich chuy£n tdi 
tit u = '1 den u = 0. 

That vay, phUdng trinh cua doi tUdng l (2-23) co nghiem tu do: 

y(t) = Asint, (2-25) 

ma A la bien dp cua dao dpng dupe xac dinh bdi difeu kien ban ddu cua chuyen 
dong (trong trtfcmg hop nay, bdi toe dp chuyen dong cua tdi tit u = -1 d£'n u 

= 0 ) 

Bdi loan 7 


^ H&y xac dinh qua trinh tdi Uu u(t) vd y(t) thoa man (2-23) cue tiPu hoa 
phi dm ham (2-11) tiic la: 


J = / dt 

0 

vdi cac dieu kien sau: 

a) Dieu khiPn duoc gidi han bdi | u | < 1, 

b) Dieu kipn bien (2-24): 


y(0) = -1; y(T> - 0 
y(0) = 0; y(T) = 0 


II. 1.3.7. Thiet ke b&ng phurcrng phdp gidi tich ede b$ dibu chinh 

0 day van de dupe ddt ra co tinh chat tong quat hern vide chon bp didu 
chinh d cac chUdng muc trUdc: 

Hay tim ludt dieu chinh tdc la 
mpt ham gidi tich lien hp gitifa 
tac dong diPu khien va tin hieu 
dupe diPu khien d£ cue tieu hoa 
mot phiem ham dang tich phan 
da neu trdn. 

Gid thiet la doi tUpng Hlnh 


-) 


2\iL 

— 

B DC 

u 

%t<p> 

y 
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khong chiu tac dong cua nhilu va cd ham truy£n W dt (p) nhu d h.2-6 

Qua trinh qua do cua he thdng vdi dieu kien ban d&u 

x n = [xj(0), x 2 (0), ..., x u (G)]:vh u(0) = [u(0), u(0>], ... (2-26) 

d^ " 

v6i: =^7 * = y, - y- 

Neu he on dinh thi cac tpa do pha se hoi tu a g6c true nghia la: 

X|(oo) = ... = x n (») = u(oo) = 0. ... (2-27) 

Chi tidu chat luqng tdi uu dude chon la: 

J = /“ tu* + u 2 + £ x,. 2 ]dt. (2-28) 

o k = l 

Chi tieu (2-28) dac trUng cho binh phuang cua sai lech (x k 2 ), ton that 
dieu khien (u 2 ) (ton that nang ltfong, tdn that do nung ndng dong ca v.v...) 
cung nhu loai trU kh& nang toe do dieu khien qua ldn (u 2 ). Bhi toan dat ra 
la: 


Bai toan H 

Vdi doi tUdng dieu khien duoc m6 t& bang phuong trinh vi phan dang: 
dx 

— + x + u = 0, (2-29) 

dt 

hay xac dinh phUdng trinh vi ph&n gitfa cac bien x va u thoa man (2-29) cUc 
tieu hoa phiem ham: 

J — / [u 2 (t) 4- u 2 (t) + x 2 (t)]dt. (2-30) 

0 

11.1.4. vf du t<5ng hop bai toan t6i iru tac DONG nhanh 

Hay xac dinh qua trinh ttfi uu v& ttfng hop ca c£u di&u khi£n d bki to£n 
1 thoa man (2-10) va cUc tieu hoa phiem ham (2-11) vdi cac dieu kien: 

I U I Si. 

y(0) = y(T) = 0 

y(0) = 0; y(T) = 0 

Bang suy luan, ta nh$n thfiy rang dong c a muon quay dtiefe m6t goc d n 
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trong thdi gian ngan nhAt, vdi nhufng dieu ki£n bien nhif tr£n, thi dau tien 
phAi quay vdi gia toe ciic dai, va tai mot thdi diem nhat dinh, phAi ham vdi 
gia 1 6c am ciic dai. Neu chon dung thdi diem ham thi toe do cudi cung se 
bAng khong sau khi ddng cd da quay dUdc mot goc 8 n . 

Van de nay da diTdc de cap d he rdle vdi che do trtfdt (h. 1 - 44) vdi: 


y\ = y 


dy i dy 2 

dt “ 3 ’ 2 ’ IT 


± K = ± 1. 


De thoa man di'eu kien bien y(T> = y(T) = 0 thi tpa do cuoi cung la goc 
true va rdle phAi chuyen ddng vdi so Ian nho nhat: dieu ay chi co the dat 
dtfoc bang 2 each: hoac chon dung di£u kidn ban dau, hoAc vdi dieu ki£n ban 
dau da cho, chon dung he so phan hdi a - CA 2 phUdng phap deu khdng the 
thuo hidn dtfdc theo cau true nhu d h.1-44. Bien phap giAi quyd't la tao nen 
dtfdng chuyen doi indi: chinh la dtfdng parabon cua quy dao pha di qua goc 
true. 

Khi u = + 1 ; y 2 2 /2 - y { 
va u = -1 ; y 2 2 /2 = -y { 

Chi mot nuta parabon tham gia vao dtfdng chuyen doi cho n£n bieu thufc 
diidng chuyen doi toi tfu se la: 

2 i | 

x = _(y i si g T “ y 2 ) = -<yi + — 3 > (2-3i) 


Sd do thde hien nhu d h.2-7. Trong trtfdng hdp khong do dude tin hieu 
y, thi phai su dung den khau vi phan de lay tin hieu y 2 tti y { : 



84 












Quy dao pha cua he toi Uu tren'nhu d h.2-8 va chuyen dong £y la nhanh 
nhat. 

That vay, neu thoi gian dau (0 < t < T/2) gia toe be hefn +1 (duong dtft 
net 6 h.2-9b) thi d£ dat dupe goo quay da cho —0 (tUdng Otng vdi di£n tich gach 
soc of h.2-9b) dfii tUpng ph&i can co thbi gian ldn hon T. NgUpc lai a thbi gian 
dau gia t6c ldn hem, dfeu 3y khong th£ thoa man dieu kidn | u | < 1. 



11.1.5. OlfcU KHlgN GAn t6| UU 

Trong thUc te viec thi£t ke cac bd dieu chinh toi Uu co kho khan, nhat 
la khi doi tUpng co bac cao va dieu ki$n han ch£ phtfc tap. Do do vi6c xay 
dung cac he gan toi Uu la can thi£t va dupe th\fc hien theo 2 huong: 

- Don gukn hoa mo hinh. ThUc ra mo hinh d6 nhan dang hay tinh toan 
deu kho chinh xac, don gi£n hoa no la co co sd. 

- Dung phudng tien ky thuat de don gi&n hoa luAt dieu khi£n. Mot luat. 
dieu khi£n xap xi sg dupe dung cho m6 hinh chfnh xac. 
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11.1.5.1. Dorn gi£n h6a m6 hinh d6i ti/grng dieu khi£n 

a. Do i tuong hoc mot 

Dieu khi£n gan toi tfu (toi Uu giA) thtfdng gap trong thtfe te. Tren ban 
dieu khien thddng chi co chi so 
cua y va a. De thu£n tien ngddi 
ta lay hai chi so nay trung nhau 
d che do xac lap, Khi ckn thay ddi 
dai lupng y A thanh y R ngtfdi ta 
chi can thay dai li/qng dat u A 
thanh u R nhd d h.2-10. Sau mdt 
thdi gian qua d6, no se xac lap 6 
y = y R . Do la pht/dng phap ddn 
gi£n nhat. 

Th£ nhung, thao tac vi£n cd 
kinh nghiem, d£ nhanh chong dat 
che do mdi, se thtfe hien nhtf sau: 

Tai thdi didm bat d&u t (l ngtfdi dieu khidn cho m6t ltfdng dat ctfc dai u 
= u max va se x£y ra qua trinh ctf3ng btfc cua y(t). O thbi diem t p khi y dat 
dai ltfdng can thiet y(t L ) = y R thao tac vien quay ve vi tri u = u R . 

Thtfe vay, doi vdi h£ bac 1, dieu khien ay la toi tfu vi khi he dtfoc mO tA bdi: 
dy 

T - + y = u, (2*32) 

dt 

dy 

u = y nen —- = 0. 
dt 

6 kho4ng thdi gian t 0 < t ^ tac dong difeu khien la ctfc dai y nhanh 
chong dat dai ltfdng y R . Tai thdi diem t = tj dieu khien trd v<& tri s6 u R = y R 
va qua trinh bien ddi y(ti s£ ch£m durt nghia la y(t) = y B khi t > t,. 

Neu bac cua h$ cao hon va qua trinh qua do la phi chu ky thi dieu khien 
nhtf vay la gan tdi tfu (dtfbng dtit net d h.2-10b) va nhb ctfdng btfc ma qua 
trinh qua do x&y ra nhanh hdn: Nhtf vay ta da thay th£ phtfdng trinh cua d6i 
ttfang bac cao (ldn hdn bac 1) bdi phtfdng trinh cua doi ttfdng b$c th£p (bac 
1) va ap dung luat difeu khien toi ilu ddi vdi h£ &y. 
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b. Di$u khiin g'dn t6i uu d6i tuong dao ddng 

Dieu khi£n gan t6i Uu theo phUdng ph&p tren doi vdi doi tuong cd dao 
d6ng cd the cho lUdng qua dieu chinh Idn. 

Khi doi tUdng cd dang: 


d 2 y 

dt 2 



+ y = u, 


(2-33) 


thi tai thdi diem t , ta cho lUdng dieu khien mot bac thang: 


u c = u A + 


U B - U A 


(2-34) 


1 + a 

ma a la luong qua dieu chinh khi tin hi6u v&o la bic thang ddn vi. 


6 thdi di£m t p khi y(tj) = y R (h.2-llb), y dat cifc dai, n£n y(tj) = 0. ta 
lai dUa them vao mot nac thtf hai u = u R . Vi t = t p y = u = u R va y(t ( ) = 
0, nen til (2-33) y(tj) = 0. Dao ham bac mot va bac hai deu bang khdng, cd 
nghia la qua trinh da xac lap, vdi t > t p y(t) = y R = const. Thdi gian di£u 
khien dupe xac dinh bang mia chu ky dao dong d h.2-llb: 



O bai toan 7, didu khien d6i 
tuong l, f = 0 va lUdng qua di£u 
chinh a = 1 vi vdi tin hieu vao la b&c 
thang, h6 se dao ddng vdi bi£n d6 
khdng doi (2-25). Thay th£ cac dai 
lUdng nay vao (2-35) va (2-34) ta xac 
dinh dude quy luat dieu khi£n gan toi 
Uu cua doi tUdng i: tai thdi di£m t o , 
cho lUdng di&u khi£n bang ntia tri s 6 
can thiet va d thdi diem t + ji } cho 
th£m m6t nac tidp theo nhu trude do. 
Thdi gian qua do se la T = ji. 



Hlnh 2-11. 


11.1.5.2. Dcrn gi£n h6a luat difeu khi4n 

Tren h.2-12 la. sd do he toi Uu tac dong nhanh tUdng dUdng vdi h.2-7. 
Viec thuc hten ham chuydn ddi phi tuydn tinh chinh xac la kha phde tap nh&t 
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la khi ddi tuong 
hac cao. 

Gi& s if d 
h.2-13 co dtfdng 
chuy£n ddi toi 
tin trong mat 
phang v*(y' 1? y 2 > 
= 0. 


<->T 


/ 1— 

u 

- -\'l 



I 

1 

T 

j 



Co 2 each Hinh 2-12. 

xap xi bang ba 

doan thang nhif d dudng v l va v-, trong mien < 

-a < y’, < a 

-b < y 2 ^ b 

Neu danh gia chat Itfdng xap xi b&ng : 


-I, =/ / [v*(y’|, y 2 > - v/y’,, y 2 )] 2 dy’,,dy 2 (i 

- 1 \ “b 


va ta co -J! > J,; 
nhiing cd khi 
phan tich qua 
trinh thi ket qu& 
se ngitoc lai: J, 
Idn nhiing qua 
trinh diicfc xac 
dinh bang che do 
trifot, con J,, be 
hon nhifng lai la 
qua trinh dao 
d6ng. Do do khi 
ddn gi4n hda quy 
luat die u khien 
thi viec danh gia 
chat lddng qua 
trinh la quan 
trong. 



Hlnh 2-13. 



IL2. CAC PHLFONG PHAP DIEU KHIEN TOI UU 

Nhiem vu cua di£u khi£n toi Uu la gi&i b&i todn tim cue tri cua phidm 
ham G(y(t\ u(t)] biing each chon dieu khien u(t) vdi nhting difeu kien han ch£ 
cua dai lUdng dieu khien va toa dd pha. Cong cu toan hoc de xac dinh cue 
tri la phep toan bien phdn. 

Phudng phap co dien ia phudng phdp Euler. Difdng cUc tri la nhung ham 
trdn con phiem ham cung cac di£u kidn han ch£ 1 h nhufng ham phi tuy£n. Do 
do phudng phap nay khong ap dung cho nhung trUdng hdp ma tin hidu dieu 
khien cd the la cac ham gian doan. 

Giua nhUng nam 50 cua th£ ky 20, thUc cho th£y can cd nhufng tac 
dong dieu khien lien tuc tifng doan doi vdi cac doi tUdng tuyen tmh. TO do 
cd phuong phap mdi - nguyen ly cue dai, Uu tien d£ giki nhufng bai toan toi 
Uu tuyen tinh vdi dieu kidn han che dang bat dang thde. 

Phudng phap quy hoach ddng ma cd scf ctia no la nguyen ly toi Uu dupe 
phat trien nhu la cong cu d£ gi&i bai toan toi Uu theo nhieu bude da dupe 
tfng dung van trong nhieu llnh vuc khoa hoc ky thuat cung trong nhtfng nAm 
50 nay. Phudng phap quy hoach 
dong dupe dung cho nhufng bai 
toan gian doan va phUdng trinh 
*ai phan nen thlch hop vdi vide 
sif dung may tinh d£ giai. 

11.2.1. PHUONG TRlNH EULER 

It.2.1.1. Truing h?p 
kh6ng c6 dieu kien phu 

Cho v(t.) la mot ham thude 
ldp ham cd dao ham bac mot. 
lien tuc. Trong mat phang (y, t) 
cho 2 diem (t o , y o ) va (t ( , yj). 

Can tim quy dao noi hai diem 
nay sao cho tich phAn theo quy 
dao y = y‘(t) bdi: 



J(yl = / tr(y. y, t )dt 


(2-36) 
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cd cite tri. 

G 1 k ham cd dao ham ri6ng h&c mdt va bac hai lien tuc vdi moi bi£n cua 
no. De thong nh&t trong each d&t van de, ta lay t n = 0, tj = T (b&i toan di£m 
cu6i cd dinh). 

Qac dtfdng cong n6i li£n hai diem nay deu la nhtfng dtfcmg cong cd .th£, 
tren h.2- 14, y la m6t dtfdng cong cd the va y + dy la dtfcmg cong trong mifen 
lan can cua y. Bi£n ddi cua J do dy tao nen la: 

AJ(y + dy) = J(y + dy) - J(y) 

= / G(y + dy, y + dy, t)dt - J"G(y, y, t)dt 
0 o 


= / [G(y + dy, y + dy, t) - G(y, y, t)]dt 

o 

Phan tich (2-37) theo chufil Taylor: 

T dG(y, y, t) 

AJ(y, dy) = / {G(y, y, t) + (- )dy + 

0 dy 


(2-37) 


dG(y, y, t) 
<5y 


)dy 


1 

— ( 

2 


d 2 G(y, y, t) ■5 2 G(y, y, 

- )dy 2 + ( 


t) 


<5y 2 


dydy 


)dydy + 


1 d 2 G(y, y, t) 

+ — ( -- )dy 2 + ■ - G(y, y, t)}dt 

2 dy 1 

Ta kh&o sat thanh phan b&c m0t ciia J: 


T 3G(y, y, t) d(y, y, t) 

dJ(y, dy) = / [(-—- )dy + (JLlL— )dyJdt 

o dy dy 


(2-38) 


(2-39) 


Vi dy va dy li£n h£ nhau bdi: 

dy(t) “ / dy(t)dt + dy(0). 

0 

Chon dy, xac dinh dtfdc dy. Ta xem dy 1 k ham bi£n ddi ddc lip. Bi£u thiic 
(2-39) cd th£ bi£n ddi d£ chi chtfa dy bing each l&y tich ph&n nhtfng thanh 
phan chtfa dy: 
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(2-40) 


r)G(y, y, t) 

•W(y, <)yt = . ; - Ay I,, 1 + 

<>y 


< . <3G(y, y, t) d 3G(y, y, t) 

+ I [---7- 1 Aydt ... 

0 r7y dt dy 

Ti i dieu kien da cho: £y(0) = dy(T) = 0, ph4n dau cua ve ph&i 6 bieu 
thtfc (2-40) b4ng khdng 

Neu gia s6 dJ cua phiem ham J ton tai va neu J cd ctfc tri ddi vdi y* thi: 

dJ(y\ dy) = 0. (2-41) 

Do la dieu ki£n chn cd b4n cua phep tinh bien phan. 

Tit cac bi£u thiic (2-40), (2-41) ta cd: 

T dG(y\ y\ t) d dG(y*, y*, t) 

6J(y\ dy) = / [--—--- ]dydt = 0 (2-42) 

0 dy dt dy 

Tit (2-42) cd th£ dut ra phildng trinh Euler: 

dG(y, y, t) d t)G(y, y, t) 

dt 


= 0 


(2-43) 


dy 


dy 


11.2.1.2. Tnr&ng hqrp c6 dieu kien phu 

Neu ngoai phi£m ham (2-36) cdn cd cac dieu kien rang budc phu dang: 


<Pi ( y, y, t) = 0 ; t E [0, T] , i = 1, n 
thi phiem ham J cd dang: 

J a (y. V = /[G(y, y, t) t X y. t)]dt 


(2-44) 


(2-45) 


ma A ( (t) vdi i = 1, 2, n la ham Lagrange. Vi gidi han thoa man vdi moi t 
nen ham Lagrange phu thudc thdi gian. 

Tuong tu nhu tr£n, ta cd phtfcmg trinh Euler - Lagrange tong quat: 


^G a (y, y, ; M ti d cJG^ty, y, A, t) 


= 0 


dy dt i)y 

ma G^Cy, y, A, t) = G(y, y, t) + £ ^j(t) p;(y, y, t) 


(2-46) 

(2-47) 
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Khi dieu kifen rang buoc co dang: 

/ V,<y. y> t)dt = q ( , (2-48) 

thi phiidng trinh Euler - Lagrange tong quat (2-46) co phiem ham: 

G ;,(y, y. a, t) = G(y, y, t) + X V’ ( y> y, t). (2-49) 

i = 1 

Trong trUong hdp nay, X { la cac he so khfing phu thu6c thdi gian cua bai 
totin ci&ng chu. 

Khi co di£u ki@n rang bade dang (2-44) hay (2-48), c&n gi&i (n 4- 1) 
phuong trinh xac dinh y*(t) va ^‘(t) (hay A ; *) ma i - 1, 2, n. 

11.2.1.3. Vi dM trng dung 
Vi dui 


Hay gi&i bai toan tiet ki&m nang lUtfng - bai toan 5 
Dung ky hi£u — y, 

d yi 


dt 


= y = y : 


thi bai toan dat ra la: 


d yj 


Hay tim qua trinh t6i tfu u* = y/ y-,* = - sao cho thoa man 

dt 

(2- 10) nghla la y^ = u, cue tieu hda phiem h&m (2-17): 


J(y) - J"(y 2 ) 2 dt, 


(2-50) 


vdi dieu kien cho triidc: 


/ y 2 (t)dt = 0 (>) 

vh dieu ki£n dau (2-13): 

y 2 (0) = y 2 (T) = 0. 


(2-51 


(2- 52) 


Dieu kien (2-51) co dang (2-48), phudng trinh Euler - Lagrange co dang 
td’ng quat (2-46) vdi (2-49): 


G ;i (y 2 , y 2 , V = y 2 2 M|y 2 ; 


(2- 53) 
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rfG d *)G 

— -- —— = 0 , 

dy 2 dt r)y 2 

Tii (2-53) va (2-54): 

- 2y 2 = 0, 


Do do: 


y 2 =■ 


a, 


' ♦ A ■ 

Lay tich phan (2-56): y 2 = u = —- t + c, 

2 


y 2 (t) = —i t 2 + Cjt + c v 

1 4 

De xac dinh Ap c p c 2 ta diing cac didu kien bien (2-52): 
y 2 (0) = 0 ; c 2 - 0, 

A 


y 2 (T) =-J- T 2 + CjT - 0 . 


va dibu kien (2-51): 


^ (t)dt = Ti T ’’ + T t2 ‘ 

Ket hop (2-59) va (2-60) ta xac dinh: 

240 


60 


Tit do qua trinh tdi \iu la: 


60 120 

u*(t) = —-f t 

rp2 rpl 

60 60 

y'(t) - —-£■ t-^ V 


T 2 




(2-54) 

(2-55) 
(2-56) 
(2- 57) 

(2- 58) 


(2-59) 


(2-60) 


(2-61) 


(2-62) 


tifong ling vdi h.2- 15. Dieu khien t6i liu u*(t) (dong didn mach phan dng dong 
co) bidn doi tuydn tinh, con toe do y 2 * la h&m parabon. D£ khang dinh, ta so 
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sanh t6n hao n&ng lirong cua trtfdng hop n&y vdi tradng hop b&i toan t6i tfu 
tac dong nhanh (h.2-9muc H1.4).d hai triidng hdp (h.2- 15) va (h.2-16) chiing 
co cung mot goc quay # o , ttfdng ling vdi dien tich diiqc gach soc. Tif di'eu kidn 
cho triidc, ta xac dinh tin hi£u di'eu khidn u a theo (2-51): 


6 


o 


T/2 U T 2 

2} (u .t)dt =-^— , 
o 4 


va 


u 


T 2 


Nhif vAy ton hao nAng litong tucing tfng vdi: 
- 1 \* ' . 


con d trtfdng hop bai toan 5: 

J = J <u*) 2 dt 

o 



(2-63) 


J ;i 16 

nghia la chung khac nhau — 2 =- = 1,33 lan. 

J 12 




H)nh 2 - 16 . 
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Vi du 2 


Bai toan 2 - t6i tfu tac dong nhanh vdi dieu kien (2-14): 

q, = s\ 2 dt = e u 
q 2 = = q 0 

va di&u kien bien (2-13). 

So sdnh (2-64) vdi (2-48) ta co th£ vi£t: 

O a (y 2 > y 2 ' ^ 2 ^ ^ 1 ^ 1^2 ^ 2 ^ 2 ^ 4 

Phuong trinh Euler - Lagrange: 
dG a d r?G a 

dy 2 dt dy 2 


(2-64) 


Tif do: Aj - 2A 2 y 2 = 


va 


yi =■ 


2A 


L4y tich phan bieu thvfc tren: 

y 2 (t) = u(t) = a n t + 3l y 

y 2 (t) =—— t 2 4- a ; t + a 2 
2 


(2-65) 


So sanh (2-65) va (2-62) ta thay qua trinh toi Uu co dang gidng nhau. 
Cac he so a o> a 2 xac dinh theo (2-13) va (2-14). 

11.2.1.4. Phuorng trinh Euler vtf difeu khign c6 han che 

Trong cac vi du tren, tin hi6u di&u khien khong co gidi han nao rang 
buoc. Trong thuc te, thucmg gap tin hi£u dieu khi£n (co' khi c4 toa d6 pha) 
cd rang buoc dang | x | <1. Di£u kien can d£ co cvfc tri la khi x(t) la dudng 
cue tri, thi x + dx va x - 6 (dx > 0) la nhvirng ham cho phep. B&y gid ta so 
sanh tri so phi£m h4m d dudng cue tri vdi tri s6 ctia no'd ham x + dx va x 
- dx. Neu mien bidn ddi cua x(t)la kin, va x(t) d ngoai bi£n thi mdt trong cac 
ham x + dx hay x - dx se ra ngoai mifen cho phep. 
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Mot trong cac bien phap khac phuc khd khan tr£n la dudng cue tri d bien 


va: 


x > <p{ t). ' (2-66) 

» 

Vi du, n£u | x | < 1, dieu kidn (2-66) la x > 1 nghia la pit ) = -1. Dua 
vao toa do z vdi: 

z 2 = x - p, (2-67) 

thi bien nidi z se khong co dieu kidn han che, va bien gidi cua bien x tUdng 

r 

dng vdi z = 0. Bay gift phiem ham J = J G(x, x, t)dt co bien mdi 
x = tS- 4- p\ ti* do: 

x = 2zz + p, 
va phiem ham co dang: 

J = j G[z 2 + p ; 2zz +y>; t]dt. (2-68) 

c> 

Vi (2-68) khdng co di£u kien han ch£ n£n phuong trinh Euler co dang: 

0 G d <)G 

—- r = 0, (2-69) 

0 Z dt Oz 


OG 

OG 

Ox 

OG 

Ox 

OG 

d&y — 

= — 

—— 

+—— 

- — 

- ! 

Oz 

Ox 

Oz 

Ox 

Oz 

Ox 

OG 

OG Ox 

OG Ox 

OG 


— = 

= — — 

- + 

-— — 

= — 

2z, 

oz 

fix Oz 


Ox Oz 

Ox 



d OG 


d 

OG 

(>G 


_ _ 

= ; 

2z( — 

— ) + 

- 


dt Oz 


dt 

Ox 

Ox 

69) se co 

dang: 





OG 

OG 


d 

OG 

OG 

— 22 

; ~f- 

2z 

- 2z ^ 

_ - - 

— 

Ox 

Ox 


dt Ox 

Ox 


r)G 

Ox 


OG d OG 

hay 2z(---) = 0. 

Ox dt Ox 


(2-70) 
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( 2- 70) thoa man vdi z = 0, nghia la during cpc tri cri nhung gia tri bien, va 
phuong trinh Euler van la phi£m ham xuat phat: 

AG d AG 

Ax dt Ax 



Hlnh 2-17. 


Nhu v£y, th 
(2-70) ta thay 
rang cpc tri cua 
phiem ham vdi 
dibu ki£n han che 
dang bat dlmg 
thtfc chi co duoc 
dudi dang during 
cong, gom nhtfng 
doan cpc tri va 
nhijfng doan of 
bien gidi mien cho 
phep. 


Tiec tang, 

phuong trinh (2-70) chi noi rang during cpc tri co thi 14 nhung gia tri bidn 
cua h4m dibu khib’n chP khong cho phep chting minh rang, d bai toan tuyen 
tmh, dieu khien u chi nhan cac gia tri bien. Do la ly do ma phuong trinh 
Euler duoc gidi han bdi trUring hop during cpc tri la cac ham trdn. 0 h.2- 17a, 
dy> 

dieu kien — — 0 tuong Png vdi cpc ti6u cua y> b§n trong mibn | u | < 1, 


nhung d h.2-17bcpc trj lai d bibn va 


d^> 

du 


* 0 . 


De chPng minh, co th£ dung nguydn ly epe dai (mucH.2.3) hoac bang 
phuong phap suy lupn vdi trUring hop don gi4n - he b&c hai. 

Neu biet trude dieu khien la nhung ham tting doan khong doi, cri gia tri 
u = + 1 va u = - 1, thi phPOng trinh Euler cho phep xac dinh thong so cua 
ham ay, tiic la so ludng cac khoing cri tri so hang va thrii diem chuyen doi. 

Dieu kien | u | = 1 cri th£ viet dudi dang: 


j u 2m dt = T, 
o 

ma m oo (so nguyen). 


(2-71) 
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Neu trong khoing thcji gian ngdn, | a | > 1 thi u 2m « khi m -* ® va 
tich ph£n (2-71) 16n hdn tri so T cho trade. NgUdc lai, n£u | u | <1 trong 
mot thdi gian ngin thi u 2m -* 0 va tich phan (2-71) nho hem tri so T cho 
trade. Khi thay | u | =1, befi di£u kien (2-71), bai toan bi£n ph&n tim dating 
cue tri u{t.) trti thanh bai toan dang chu da neu tr£n. 

Vi du 


Trd lai bai toan 1 - toi an tac dong nhanh: 

Hay xac dinh qua trinh toi Uu u*(t) va y*(t) thda man (2-10): y = u, cue 
tieu hoa phi dm ham (2-11) vtii didu kien gitii han cua dieu khien | u | < 1. 

Theo (2-10) ta co: y l = y 2 



hoac = yl - y, = 0 

<p 2 = y 2 ■ 11 = 0 

Gii thiet dating cac tri la nhting ham khdng doi tting doan 
Ta dung dieu kien (2-71); 


(2- 72) 

| u(t) | = 1. 


/ u 2m dt = T ina m ec. ... (2-73) 

o 

Dieu kien (2-72) la dieu kien cua bai toan Euler - Lagrange, con (2-73) 
la bai toan ding chu, do do: 

G h = + A>(t )<p 2 =l+A o u 2m +A,(t>(y l - y 2 ) + A 2 (t)(y 2 - u) 


Phuong trinh Euler Lagrange la: 

(2-74) 

()G d dG . 

—t -JL = A^mu 2 " 1 - 1 - A. = 0, 

Ou dt du 

(2-75) 

OG^ d dG^ ^ ^ 

f>y j dt <')y l 1 

(2-76) 

r»G., J dG. k 

- - A. - A 2 — 0. 

r'ly-, dt <>y> 

(2-77) 

-m-l j £ 

Tit (2-75) ta xac djnh; u = v —-- 

2mA o 

(2- 78) 
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Khi m -*• «c, vdi moi A ta co': 


2 in- 


/a"- 


+ 1 n£u A > 0 
- 1 neu A < 0 


va, co the viet: 


2m '/A = signA khi m oo. 

Tit do (2-78) co thd bang; 

A,(t) 

u(t) = sign( —^ ) ... (2- 79) 

2mA n 

(2-76) va (2-77) cho ket qu& ttfong ling: 

Aj = const, 

A,ft) = - c^t 

ilia cac ha so c (J c, duuc tinh theo di$u ki6n bien cua bai toan. 6 phUdng 
t.rinh (2-79), m va A (V deu la hang nen dieu khien toi Uu co th£ xac dinh bdi 
AtU): 

L. 

1 

u*(t.) = sign[ — (a, - a.t) 1 , ... (2-80^ 

ni 


c. 


m a 


2A 


a-, = 


; m > 0 


Tit (2-80) ta ket luan: dieu khien toi Uu u(t) doi dau khong qua mot Ian 
nghia la gbm 2 doan thnng nhu kdt quA da khfto sat 6 muc 11.1.4. 


11.2.2. PHUDNG PHAP QUY HOACH D0NG 

11.2.2.1. Vi du vfe b&i loan c6 dien: chpn dutirng dl tdi ltu 

D£ di tit A den B qua m6t mang nhu tren h.2-18 vdi tdn hao nho nhat 
<co ghi d moi nhanh tri so ton hao) thi phUdng an tot nhAt nhu sau: 

a) Den diem B bAng mot chang chi co the tit a hay til b vcfi tdn hao tUdng 
ling la 7 va 2. Ton hao ay dude ghi trong ngoac 6 goc. 

b) Den diem B "bang 2 chang co the tit c, d hay e. Tit c den B chi cd 1 
phUdng an vdi tdn hao 7 + 5 = 12 cting nhu tit e den B: 2 t 7 = 9. Ngudc 
lai tit d cd the d£n B theo da hay db. Ton hao chung de den B la 7 + 9 = 
16 hay 2 + 5 = 7. Nhu vay dtfdng di toi Uu la db, cd danh dau mui ten va 
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gill nam ton nao nun 
nhat 7 ben canh d. 

c) Den diem B 
bang 3 chang tir 4 
diem. Tinh toan chi 
lien quan den nhufng 
ton hao nho nhat da 
dude xa a dinh d giai 
doan 2 chang trade 
do, nen tir diem f, co 
the di theo fc hay fd: 

(ton hao tir f 
den c) + (ton hao 
cite ti£u til c den B) 

= 2 + 12 = 14 

(tdn hao tir f den d) + iton hao ctfc tidu tir d den B) = 4 + 7=11. 

So sanh hai phUdng an, ton hao cUc tieu la 11 va dubng di tdi tru la fdbB. 


Bang each chia ra nhieu chang nhd vay, viec tinh toan va so sanh di 
dang han va dUcrng toi Uu co ton hao nho nhat dude mo t& bang duemg dam 
net vdi ton hao cUc tieu ia 26. 


Tir vi du tren ta nhan thay: 

-Bai toan tong quat tint dtfbng di co ton hao nho nhat tir A sang B khd 
giai. dtfdc chia thanh nhung bai toan nhieu chang, d moi ch&ng so lUdng 
phUcrng an khong Idn l&m nen di gi&i hdn. 

- Qua trinh tinh d chang nay la dung ket quA. da tinh d chang trude. 


11.2.2.2. Nguyen ly toi tru cua Bellman 


"Neu C la mot diem trung 
gian cua quy dao tdi uu di tir 
trang thai A sang trang thai B thi 
doan cuoi cua quy dao nay la quy 
dao toi Uu noi di£m trung gian C 
vdi diem cuoi B" (h.2-10). 

Nguyen ly sd khai cua 
Bellman cd khac mot it "chien 


o' 
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In esc tdi ■< i u la chien litdc ma, mac dii trang thai ban dau va quyet dinh ban 
dau co nhit the nao di nda, thi nhitng quyet djnh tiep theo phAi la chien lit?r 
toi itu ddi vdi trang thai con lai cua quy£t djnh tritdc”. 

Ohiing minh nguyen ly nay rat hien nhien: GiA sit doan cuoi cua AB - 
quy dao toi itu la CD’B chang han Vay thi ACD’B la quy dao tdi itu, difeu nay 
ngitdc vdi dieu kien dat ra: ACDB la quy dao toi Uu. 

II.2 2.3. PhLrorng trinh Bellman 

Neu dimg ky hieu y<n) la trang thai cua he d thdi diem (T - nAt), phifdng 
trinh gian doan chuyen tiep cd dang: 

y(n - 1) = y(n) + Ay = F p [y(n), u n ]. (2-81) 

Mat khac ham ton that dang tich phan, bay gid cd dang cua mot tong: 

J = 2 G n ( y' (2-82) 

J n *(y> dung d£ chi ton that cue tieu tit y den y(T) bang n chang. 

Gia thiet la biet ditac J n _ j*(y) va can xac djnh J n *(y). Neu htdng til hda 
bien dieu khien nhit da lam doi vdi bi£n thdi gian, ta cd the chon ditac cac veetd 
dieu khien xuat phat tit trang thai y va cd tinh den dieu kien han che. 0 chang 
dau tien cua n chang con lai, ta lay u n - u^, tudng Ung vdi ham ton that G n (y, 
u 1 ). Mat khac trang thai mdi se la y + A ( y = F n (y, u n ‘). Sau khi ap dung u n ‘ 
d chang dau, se dAn den y(T) d n - 1 chang vdi ham ton that cite tieu: 

J n _ , T (y + A-y), 

Ton that td'ng cua qua trinh ay la: 

J r<y> = G n(y- u „’> + J n-i*<y + A ,y»- 

Ro rang la ton that cite tieu can tim J n *(y) la cUc tieu cua J n l (y) doi vdi 
u £ IJ Do do ta cd the viet: 

J n ‘(y) = mm[G n (y, u n ) + J n _ ^(y + Ay)} <2-83) 

Neu biet ,J *, cd th£ xac djnh ditac u la ham cua trang thai y va cua n chang 
con lai. (2-83) la phitong trinh Bellman hay phitong trinh quy hoach dong, 

Vi du irng dung 

He ditac mo tA bdi phitong trinh trang thai sau: 

y { = y 2 

y 2 = u 
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Du6i dang gian doan, cd th£ vid't; 
Ay, = Ty 2 
Av : = Tu 

De gi£n don, ta dung At — T. 
Ham ton that: 


NAl , N 

J = J u^dt hay J = V u 2 . 
n 1 

Trang thai cuoi la diem goc cua mat phang pha. 
a) Voi n - 1: Ay t = -y ( til do: - y { = Ty^, 

. ^ _ y 2 yi 

Ay 2 = -y 2 ta do: u, = =— 


Ham ton that. 


j, = .jl =_zii 

J rj\ 2 rp4 


(2-84) 


(2-84) 


b) Voi n — 2. Trang thai iy 1 + Ay t , y 2 + Ay^l co dvldc th chang dau, phai 
thoa man: 

- <y I + Ay,> = T<y 2 + Ay 2 ), 
hiiy: -ly, + Tv_ - ily, + Tu), 

-y, - 2Ty, = T-u. 


Tit do ta co: = - —— (y T + 2TyO 


va 


'Vi + 2Ty,j- +— 4 (y, + Ty 2 V 


( 2 - 86 > 


= - -^ ( 2y,- + 6Ty,y 2 + 5T 2 y 2 2 ) 

a Vcn n > 2: PhUdng trinh Bellman tdng quat cd dang: 

■J n ’ = ™in(a n 2 + J„ _ I’ly, + Ty 2 , y 2 + Tu)] 

11.. 


(2-87) 


( 2 - 88 ) 


rhitcmg trinh (2-88) cd the dung tinh toan giai tirh hoac hang phtfdng 
phap so trang mat phang pha de ^iai. 
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- 3 ^ u < 3 

Vdi moi tri s 6 n (ling vdi moi b&ng) tinh toan dUdc thifc hi$n th y, = 0, 
y 2 = 0 vdi moi tri so cua u. Cho gia s 6 cua y { va quet tif trai sang ph&i, sail 
do cho gia so cua y 2 . Ghi vao bAng nhting cap tri so toi Uu. Vdi l&n tinh d&u 
tri so H duqc cho rat ldn (H = oo). 

Cac bang tinh t ii n = 2 den n = 6 cho 6 cac b&ng 1 den b&ng 5. 


BAng 2-1 |n =2; (« 2 *. j/>] 


y 1 

y2 Nw 

0 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

0 

0 

-1 

-2 

-3 

_ 

_ 

_ 

_ 


_ 



0 

2 

8 

18 

- 

- 

- 

- 

- 

- 

- 


2 

1 

0 

-1 

-2 

-3 

- 

- 

- 

- 

- 


5 

1 

1 

5 

13 

25 

- 

- 

- 

- 

- 

■2 

- 

3 

2 

1 

0 

-1 

-2 

-3 

- 

- 

- 


- 

10 

4 

2 

4 

10 

20 

34 

- 

- 

- 

-3 

- 

- 

- 

3 

2 

1 

0 

-1 

-2 

■3 



- 

- 

- 

9 

5 

5 

9 

17 

29 

45 

- 

-4 

- 

- 

- 

- 

- 

3 

2 

1 

0 

-1 

-2 


- 

- 

- 

- 

- 

10 

8 

10 

16 

26 

40 

-5 

- 

- 

- 

- 

- 

- 

- 

3 

2 

1 

0 


- 

- 

- 

-- 

- 

- 

- 

13 

13 

17 

25 


- 

- 

- 

- 

- 

- 

- 

- 

- 

o 

18 

20 

Bang 2-2 

|n = 3; 


h'i 








yi 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

V2 
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0 

-1 

-1 

-2 

-2 

-3 

-3 

-3 

-3 

-3 

_ 
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2 

2 

6 

6 

14 

18 

26 

38 

54 

- 

-1 

- 

1 

0 

0 

-1 

-1 

-2 

-2 

-3 

-3 

-3 


- 

1 

1 

1 

3 

5 

9 

13 

19 

25 

35 

-2 

- 

- 

2 

1 

1 

0 

0 

-1 

4 

2 

-2 


- 

- 

4 

2 

2 

2 

4 

6 

10 

14 

20 

-3 

- 

- 

- 

2 

2 

1 

1 

0 

0 

■1 

-1 


- 

- 

- 

9 

5 

5 

3 

5 

5 

9 

11 

-4 

- 

- 

- 

- 

3 

3 

2 

2 

1 

1 

0 


- 

- 

- 

- 

14 

10 

8 

6 

6 

6 

8 

-5 


- 

- 


- 

- 

3 

3 

3 

2 

2 


- 

- 

- 

- 

- 

- 

19 

13 

11 

9 


-6 


- 

- 

- 

- 

- 

- 

- 

- 

3 

3 
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- 

- 

- 

- 


- 

- 

18 

14 
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BAntf 2-3 |u =4; <u 4 \ J 4 *] 



Banu 2-4 |n = 5; <n 5 \ .J 5 *] 


yl 

y2 Nv 

0 
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5 
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7 

8 
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-1 
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-2 
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2 

2 

2 

2 

4 

4 

6 

8 

10 

10 
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0 

0 

0 

0 

-1 

-1 

-1 

-1 

-2 


- 

1 

1 

1 

1 

1 

3 

3 

3 

5 

7 
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1 

1 

0 

0 

0 

0 

0 
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0 

0 


- 

- 

- 
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5 
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3 

3 
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3 

3 
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- 

- 

3 

2 

2 
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1 
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- 

- 
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10 
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6 

6 
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-5 
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- 

- 

- 
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- 
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3 

3 

2 

2 


- 
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- 
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9 

o 

9 
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- 

O 

18 
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O b&ng 2-6 cd k£t quA cua trrfdng hdp N = 5 vk trang thai ban d£u la (10, 
Oi. C5 b&ng 4 [n = 5] vdi quy£t dinh d&u ti£n U5*(10, 0) = -2 ta ti£n ddh di£m 
co tpa d6 10 vk -2 vdi n = 4, d b4ng 2-3 [n = 4] co' u 4 *(0, -2) ~ -1 v.v... 

Tong cua ton that tilng phan G, bang tong cua ton that d bdng 4 [n = 5], 
Tren h.2-21 co quy dan pha cua y 2 (y,) (h.2-21a) cung nhtf cac ham u*(t), 
y/(t) yj*<t) theo thdi gian. 

So sanh vdi h 2-15 (bai toan 5 - tiet kiem nang ludng) ta thdy u*(t) va 
y 2 ’(t) co' hinh dang giong nhau. Sil khac nhau la d dau cua y^O). Khi N cang 
ldn, cac dirdng gay khue d do thi tren h.2-21 cang trdn va gan vdi h.2-15. 

II.2.3. DANG Ll£N TUC CUA NGUYEN LY TOl UU 

11.2.3.1. Phuorng trinh Hamilton - Jacobi 

He dUdc mo tk bang phUdng trinh trang thai: 

y = f(y, u, t); u G U(t), (2-89) 

Ham ton that can ctic tieu hoa cd dang: 

T 

J = J G(y, u, t)dt. (2-90) 

o 

Theo nguyen ly toi Uu, ta cd: 

r 

J’ Gdt = min; 0 < r < T. 

r 

Xem t la thdi diem trung gian, ta cd ham ton that: 

J =f G(y, u, Udt. (2-91) 

r 

H&m tdn th£t cMc ti£u dUdc bi£u thi bdi: 

J‘(y, i) = minJ. ... (2-92) 

u 

Tif (2-92) ta cd 

Jtty, T) = 0; V y. (2-93) 

Bang each ap dung nguyen ly toi Mu cho cac qua trinh vdi nhQng chang. 
rat be, ta cd phiidng trinh vdi dao ham rieng Hamilton - Jacobi, con n£u gi&i 
bang bieu thtfc dac trung ta cd phtfdng trinh Hamilton - Pontryagin. 

Cac phiidng trinh nay cung vdi cac di£u kien gidi han cho phdp x4c dinh 
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lu&t dibu khien tfii Uu hoac bang ham theo thai glan (dibu khi£n he hb) hoac 
b&ng ham cua thdi gian con lai cua trang thai hien thdi (dieu khi£n h£ kin). 

Vdi hai khodng thdi gian xac dinh bbi 3 diem r, r + dr v4 T, theo nguyAn 
ly toi tiu ta co: 

J*(y, t) - min[G(y, u, r)dr + J*(y + dy, r +di))] 

u 

= min [G(y, u, r)dr + J*(y, t) -f dJ*]. 

u 

Ve thd hai trong d&u ngo^c khdng phu thuoc u. co the diia ra ngoai va 
triet tiAu vdi ve trai. Sau khi chia cho dr ta cd: 

dJ* 

0 — min(G +- ), 

u dr 

c)J* n dJ* 

hay: 0 = min(G 4-- + j y). (2-94) 

u in i = i i)y t 

0J‘ dJ m 

Dung ky hieu — = p (1 ; - = p., 

Ot fly, 

ta cd p = Vy J*. (2-95) 

Dao ham rieng p| la bi£n lien hdp, gom cd cac thanh ph&n cua vectd lien 
hap p - gradien cua J* theo vectd trang thai. 

Vi p n khong phu thuoc u nen (2-94) cd dang: 

min (G + p'y) + p 0 = 0. (2-96) 

ii 

Phuang trinh dao ham rieng (2-96) goi la phitong trinh Hamilton - Jacobi . 
Cd the mo (2-96) giAn dan hdn niira nAu dung ham Hamilton hay ham 
Pontryagin: 

H = G + p'y. (2-97) 

Phuang trinh (2-96) iuc bay gib ttfdng duong vdi 2 phuang trinh sau: 

H* - min H, (2-98) 

u 

H* + p n = 0. (2-99) 

Bieu thiic (2-98) the hien n guy An ly cxlc tieu mang ten la nguyAn ly cue 
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dai Pontryagin. Chi thay doi dau cua ham Hamilton la co the bien cUc tieu 
t.hanh cUc dai. Nguyen ly n&y la di£u kien c&n: dieu khidn la toi Uu neu no 
ton tai va cue tieu (cdc dai) hoa ham Hamilton. NgUdc lai co' th£ co nhieu 
luat. dieu khien cUc tieu (cite dai) hoa h&m Hamilton, ma din chon lu&t nao 
cite tieu hoa tot nhat ham ton that lam dap an. 

Co 2 tracing hop sau: 

a) Trong mibn U cua vectd di£u khidn co 1 hay nhi£u ctfc tidu (dai) nghla la; 

V U H = 0. 

b) NgUdc lai can tim cf bien # gidi ciia mien U cue tieu (hay cUc dai) cua 
H (nhu d h.2- 17). 


11.2.3.2. Vi du ung dung 

Vdi bai toan 5 - bai toan tiet ki£m nang lUdng - hay xac dinh dieu khien 
toi Uu (u = u tj ) cua dong ccf mot chi§u kich th d6c lap, cUc tieu hoa ton hao 
nang lUdng (dien va cd) vdi cac so lieu cu the sau: 

M6m.cn can; M c = k,oj; k, = 10 gem s, 

6 o - toe do thap. 

Mach phan ring: L lJ - 0; R u = 5Q, 

Mo men quan t.inh: J = 0,2 gem s 2 , 

He so sure dien dong: C 0 = 0,006 Vs, 

He so momcn: c m = 30 gcm/a. 

PhUdng trinh ckn bang dien ap va can bang mfimen cua ddng cd tuong 


U « = T U R U + 


c m I ii - k l<" = J 


dew 

dt 


( 2 - 100 ) 

( 2 - 101 ) 


Tit (2-100): I u = 

va thay vao (2- 101) 

du> 


R, 


dt 




c JJJ 

i. 

”5" 


R. 


C 6 u k, 

L \ 1 
- ) - - OJ 


K 1 * C e , . C m „ 

J R u J JR U a 


( 2 - 102 ) 
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Vi 


c c 

c m 


0,096. 30 


Rj 5 


k, c 

I . m 

- Oj +-- U .. 

JR|j u 


( 2 - 


= 0,52 << K, = 10, 

nen phddng trinh trang thai cua h& tir (2-101) co dang: 
dev 

dt~ " J 

Voi y = iv 

u = u u 

Chi lieu chat ludng - ham ton that (2-90) duoc xac dinh nhtf sau: 

J = u)dt. 

o 

Vdi G = AP l1 + AP C bao gbm ton that dien AP d va ton that cd AP < 


u 


AP d = IA = = o.2u u 2 W 2 , 

H U 


AP c = 9,81. 10 ■ M c u> = 9,81.10- kj 
J = /To,981. 10"* w 2 + 0,2 u L 2 )dt 


- / (a ( t/> 2 + a u 2 )dt. 

0 

Ap dung bieu thtfc 42-94) ta co: 

a, o> " 4- a u.4 + -(— — <jj + - u .) = 0. 

] n a iku J JR a 

Lay dan ham (2- 105) theo u^ ta co': 

Jj* c„ 


2a u„ + 


(i Li 


i)cv JR 


-2L = 0 , 


(2 


< 2 - 


<2- 


JJ* 2a u^JR 

Tb (2-106) nit ra: - = - - va thay vao (2-105): 

<)a> c.„ 


2a..JR.,u. 


a l^‘ + a „V - 


(- 


w +-2_ u„) = 0. 

JR., u 


Til do rut ra: 


103) 


104) 


105) 


106) 
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(2-107) 


k | R * 3,< 

- vi L( -f-2a>u u +- — 0 ; 

c m a <i , 

Uj* = - K to, 

k,R f / k.R lf ” aT" 

K =-— + 7 ( — ) 2 +—- * 0,87. 10n* Vs 

C m C m a o 

Dien ap mach phan ring ph&i bien thien ty le v6i tdc do dong cd. 


11.2-3.3. Phirorng trinh Hamilton - Pontryagin 

Phiidng phap ham ctac trdng dtfdc tom tit nhd sau: 

V6i phtfdng trinh dao ham rieng: 

F(z, p- ( ) = 0, (2-108) 


ma 


()Z 

P; = — ; i = 0, 1, 2, ...» n. 
*Yi 


Cd the chung minh rang: z, y j4 pj thda man he phtfdng trinh vi phan sau: 
dy, dz -dp, 


i>¥ 

Zip. 


n r>F r)F 

S Pj — . — + p, 


J = <> «ip 


[ >y, 


t)Z 


Trong trtfdng hap nay, th (2-99) ta cd: 



>„ = z 

- r \ 

ta thay 

OF 

— = o ; 

Hz 

OF 

fV Po 

d7 ^ ^ 

-d P j 

' d Po _ 

;>F 

iiF 

of' 

*P, 

<>y, 

Or 


dz 


p„ + 2 Pj 


rlF 


J = ftp- 


(2-109) 


( 2 - 110 ) 


De tinh cac dao ham ri£ng 0F/0y { va r7F/8p. ta xem H* la ham cua y, p 
va u*; 


H‘ = FFv. u\ p, t) 
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OF OH* m f)H* d\l* 

va ta co: — = — + 2 - — 

fly, j = i 


dF OH* m OH* cillj* 

<>Pj ^P; j = 1 8 Pi 


( 2 - 111 ) 


Ta so chufng minh rang: hai tong cua (2-111) d£u bang khong. Co 2 tniong 


hop: 


a) Neu u* d giua mi£n U, ta co: 


OH’ 

- = 0 vdi moi j ; 

: )u j' 


b) neu u* d bien cua mien U, no se la mot hang hoac chi la ham cua thdi 
gian sao cho: 

flu* f)u • 

-L =—L_ = 0. 

fl y, ^Pj 

Ta do cac tong d cac dao ham rieng bang khong va ta cd: 

OH* OH* 

y, = — ; p, - - — , ( 2 -112) 

0 Pj 0y i 

hay dang tUdng fcd: 

y = VpH*; p = -Vy H* (2-113) 

Do la pln/ong trinh Hamilton - Pontryagin . Vdi dieu kien gidi ban hop 
ly, nghiem cua chung la dieu khien toi au can tim. 

Chu y la phan d&u cua (2-112) hay (2-113) chinh la phaong trinh trang 
thai vdi u = u* 

y = f(y, u*, t) 

Bieu thdc (2-110) con cho phep rut ra 2 phUdng trinh bd sung sau: 


OH’ m OH’ 

r*r- *' 


n r)H' 
J * = P„ + 1 Pj — 

.1 = 1- <Jp, 


(2-114) 

(2-115) 
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Vi du ung dung 
V6i doi ttfdng 


y\ = ^ 

y 2 = u 

G = y, 2 + Au 2 . 


Ta lap ham Hamilton: 

H = G + p,y, + p 2 y 2 
= y, 2 + Au 2 + p,y 2 + p 2 u. 

H se co ciic tri vdi: 


OH 

— = 2a u + p 2 = 0 ; 

Ou 


tl = - 


P2 

2A 


va: 


H’ = y, 2 + p,y 2 - 


Phddng trinh Hamilton - Pontryagin: 

y { = y 2 

= ' 5T = u * 

Pi = -^1- 

P 2 = -P ( . 

va cac phiidng trinh bo sung 

p<, = °> 


j* = p„ + p^ - 


II.2.3.4, X£c djnh luat dieu khien h| kin 

De xay dung dUdc mot he kin co kh& nang chong nhieu ngUdi ta can xac 
dinh vectd dieu khien tdi Uu la ham cua trang thai hien tai va cua thdi gian 
con lai. 

Nghibm tdng quat cua cac phUdng trinh Hamilton - Pontryagin gom 2n 
hang so. Dat goc true thdi gian d thdi di£m hi6n tai t = r = 0. N£u trang 
thai y(0) do dugc hay ude lugng dugc, ta co n li£n hb gida 2n h&ng. 
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Then diem cuoi se la t = 0 la thcri gian Con lai. Neu trang thai eaoi la tu 
do, ta bi§'t dtfgc p(0) = 0, con n£u trang thai cuoi la xac dinh, ta bi£t y(<9). 
Ta se cd lien he nba giCra 2n hang; 2h phudng trinh cho phep tinh dugc 2r 
"hang" la ham cua y(0) (trang thai hi$n tai) va cua 8 (thbi gian con lai). Tb 
do rut ra dieu khidn toi uu u*(0) d thbi diem kh&o sat la ham cua y(0) va 
cua 8 . Dieu do dung vbi moi thbi di£m gitfa 0 va T nghia la vefi moi 8 tb T 
den 0. 


Vi du irng dung / 

Ta trb lai bai toan tiet kiem nang Ltfgn g toi Uu - bai toan 5. 
Vdi phuefng trinh trang thai; 

*i = y2 

y 2 = u 

va phiem ham G = u 2 } ciing trang thai cuoi y } (T) = y 2 (T) = 0, 
Ta lap ham Hamilton; 

H = u 2 + p,y 2 + p,u, 

<)H 

— = 2u + p-, = 0 

t)u 

P > 2 

Tb do ta cd u* = - —^ ; H’ = p t y 2 - — 

Phuctng trinh Hamilton - Pontryagin: 


= y2 



P| = 0, 


P 2 = - Pi- 

Tb do ta xac dinh: p ( = A, 

- p 2 = At + B = 2u*, 
At" 

2y-» — - + Bt + C, 

2 

At 3 Bt 2 


2y, — - 4-- + Ct ■+■ D, 

1 6 2 
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vdi t = 0: 2u’(0) = B, 

2y 2 (0) = C ; 2y,(0) = D, 

A6 1 

vdi t = d: 0 = 2y 2 <0) = - + B(9 + 2y,(0). 

2 

Ai9 ( Btf 2 

0 = 2y,(6» = - +- + 2y-,0 + 2 yj (0). 

6 2 

Vi u*(0) chi phu thuoc B, ta loai tri* A d 2 phtfcfng trinh cud'i: 

>11 1 

0 = B 0 2 { -— ) + 2y 2 0(-1) - 2y x 

3 2 3 


8 2 


4 6 


Tii do: 


° = . B _ - _ y 2 - 2y , 


6 4 

U ‘ = ' ^ y > ' ^ y ‘ 


(2-116) 



Scr do thuc hien lu4t dieu khi£n t6i tfu (2-116) cho tr£n h.2-22: 

6 day co hai he so khuech dai tang dan d£n « khi thdi gian con lai 8 
tien den 0. 

o 

Khi t den 
thbi diem cuoi 
cung T nghia la 
8 -* 0 dieu khien 
se ket thuc. Vdi 
y/0> = 10 ; 

y 2 (0> = 0; T = 5 

60 

ta co: u*(0) = - — ~ -2,4 

Di'eu khien toi \i u la mot 
ham tuyen tinh theo thdi gian. 

Tich phan cua u(t) ti/ t = 0 
den t = 5 bang ttfng trj so bien 
dni cua y,. Vi y 2 (0) = y 2 (5) = 0 
nen u*(5i = + 2,4- Dang cua 


Hlnh 2-22. 
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di'eu khien u T (t) nh\i d h.2-23. K£t qu^ trung hdp vdi di£u khien gian doan 
d h.2-21b hay dtfcmg diit net d h.2-23. y 2 co tri so cUc tidu x£p xi bang. 

60 2,5 

<y2 ) min = ’ 25 ~2 = ' 3 


Vi du ling dung 2 

Ta kh&o sat bai to£n toi \iu tac dong nhanh - bai toan 1 
Phtfdng trinh trang thai: 

y[ = yi 

y 2 = u 

v6i di&u kien | u | <1; 

Dieu kien bi£n y,(Ti = y 2 (T) = 0. 

Phidm ham G — 1. 

Ham Hamilton co dang: 

H = 1 + p,y 2 + p 2 u, 
u* = -signp 2 . 

» 

Phudng trinh Hamilton - Pontryagin: 

yi = y 2 

y 2 = ^ 

Pi = o 


i>2 = -Pi 

Tir 2 phtfdng trinh sau: p! = A; p 2 = -At + B. 

Nhif vay p 2 (t) s£ bang kh6ng khi ddi d&u (khftng qua 1 l&n) vk quy dao 
cu6i cung qua g6c toa dp. 

Quy dao pha vdi u = 4-1 la: 


4 = y 2 ; y 2 = +1 > 


d >'i 

d y 2 


= y 2 - 


dy'i = y 2 d y 2 . 
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+ c 


Quy dao pha v6i u = -1 la: 

yi = - y 2 2 + c 

Hu6ng chuygn ddng dupe 
xac dinh bdi y 2 = u*. Khi y 2 
tang: u = +1 ngUpc lai khi y 2 
gi&m: u = -1. Hai quy dao pha 
qua g6c true, dubng chuy£n ddi 
la 2 ntjfa parabbn nhtf d h.2-24. 

PhUOng trlnh dtfcfng chuybn 
dSi: 



y> -j y 2 1 y 2 1 ■ 


Dibu khi£n toi Uu; u* = (signx), veri x = - (y t -t- y 2 | y 2 | )> 

2 

Sd db thuc hien nhu d h.2-7 hay h.2-12. 


Vi du ting dung 3 

B4i toan toi Uu tac d6ng nhanh ciia 2 rauc tibu di dong - bai toan 6. 
Phuemg trinh ti£p cAn cua 2 mu c tibu, theo (2-21) 1&: 

Tx 4- x = u - b, 

vdi dieu kien dau: x(0) = -a; x(0) = -b, ma T - h&ng s 6 thbi gian ciia d6i 
tUpng dupe dibu khibn; b - toe do cua muc tlbu khbng dibu khibn; a - khoAng 
each ban dbu gida 2 muc tieu. Dudi dang chung, vdi x ] = x ; x 2 = x ta co 
thb vibt: 


1 

x 2 =~ 7 p <' x 2 + u - b > 
Ham Hamilton dupe thanh lap: 
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H = 1 + p 1 x l + p 2 x 2 = 1 + p^ 2 + — p 2 (-x 2 + u - b). 

Til do: u = sign[p 2 (t)]; 

Phtfdng trinh Hamilton - Pontryagin; 
x ( = x 2 
1 

x-, =— (-x 0 + u - b) 

b rp Z 

P, = 0 

1 

P2 “ ’Pi ?2 
Til do ta xac dinh: p, = A, 

p 2 = C, + C 2 e- , '' T “ 

va u' = signlC^ + C 2 e H / T ). (2-117) 


Theo (2- LI7) co the suy ra 1 

rang dieu khien gfrm 2 giai + ^ 
d6an; giai doan dau: o < t < 

it/* 



\ 





1 


tj muc tieu c&n tang t6r do: u 


1 


b 

t 

= +1 va sau do, nghia la: t 1 
< t < t 2 se ham: u = -1. Thdi 
diem chuyen doi t 1 va ket thuc 



{z 

~T“ 








qua trinh tiep c&n t 2 can dude Hinh 2 25 

tinh Vdi t > t 2 hai muc tieu 
s£ cung t6c do va u = b, 

t 

Vdi t =— phuong trinh (2-21) co dang: 

T 

x, + x, = u - b. (2-218) 

vdi dieu kien: 

Xj(0) = -a 
x,(t 2 ) = 0 
x 2 (0) = -b 

X 2 (I 2 ) = 0 

Trong khodng (0, tJ; u — + 1, phtfcmg trinh (2-118) co dang: 
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X 2 + X 2 = 1 - b, (2-119) 

ti i do x 2 = (1 - b) + ce^, (<< t < t { ) (2-120) 

Di£u kien d&u: x^,(0> = -b xac dinh hang s6 C cua (2-120) va ta co: 

x 2 = (1 - b) - (0 < t < t|) (2-121) 

Lay tich phan cua (2-121) va ket hdp dieu kien dau Xj(0) — -a ta cd: 

X| = -(a 4- 1) + (1 - b)r + e^; (0 < t < Tj). (2-122) 


Thay r = t [ trong cac phtfdng trlnh (2-121) va (2-122) tr6n d£ cd difeu 
kien dau cho cac phifdng trinh vi ph£n cua chuy£n dong trong kho&ng [r p 
t 2 ,; vdi u — - 1: 


x l^ r P = - (a + 1) + (1 - b)i| + 
x 2 (t l ) = (1 - b) - e" r i 
va phtfdng trinh (2-119) se cd dang: 

x 2 + x, = - (1 + b). 


(2-123) 


(2-124) 


L£y tich ph&n (2-124) va tinh den dieu kien bien (2-123) ta cd: 
x,(t) = -(1 + b) + (2 - e' f ,)e-( f -' 1 ) ; r, < r < r, (2-125) 

x,(i) = U - a + 2t,) - (1 + b)i - (2 - e -t |)e"l T “',); t, < t < 2 (2-126) 

O thdi diem gap nhau Xj( 7 2 ) = x 2 (7 2 ) = 0. 

Thay the r = r 2 v£o cac phuong trinh (2-125) va (2-126) ta cd: 

-(1 + b) + (2 - e-*j)e-V 2 - z { ) = 0 


(1 - a + 2 tj) - (1 + b)i 2 - (2 - e -r 1 )e _ ( r 2 - Tj) = 0 
Tit hai phtfdng trinh tren cd the rut ra 


- a - b 

T-, — - 

1 + b 

2 - 

7-, = 7, + In- 

1 i + b 


(2-127) 


Tif (2-127), bang phUdng phap do thi cd th£ xac dinh dtfac tri so t, va 


7 2 can tim. 


11.2.3.5. Dinh ly ve n kho^ng 

6 cac hai toan 1, 3 va 6 ta thay dieu khien cd dang gidng nhau, nh£n 
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cac gia tri bang ± 1 khong qua 2 14n. T4t c& cac bai toan tr£n d£u co phUdng 
trinh vi ph4n va phidm ham tuy£n tinh, ngoai ra nghi£m cua chung dfeu khfing 
ph4i nghi£m phdc. 

6 bai toan 1 va 3 phUdng trinh dac tinh p i = 0 ting vdi nghi£m pj = p 2 
= 0, phuong trinh dac tinh d bai toan 6: p(pT + 1) = 0 cd nghi£m p L = 0, 
p 2 - - 1/T. 

Die di£m v£ hinh dang cua di£u khi£n noi tren 14 trtidng hop riSng cua 
dinh ly tdng quat sau: 

"Doi vdi h£ tuy£n tinh b4c n, khi cac nghi6m cua phUdng trinh dac tinh 
deu thuc va tin hieu dieu khi£n cd dang | u | < 1 thi dieu khien toi uu u*(t) 
cue ti£u hoa phi£m ham tuytfn tinh la cac ham khdng ddi tifng doan,co gia 
tri bien ± 1 v4 cd khong qua n kho4ng la hang.” 

O h§ tuyen tinh, phUdng trinh vi ph4n cd dang: 

= 2 a ( y + b,u; (i = 1, n) ... (2-128) 

dt j = l J J 

dy 

hay dang veetd; — = Ay + bu. (2-129) 

dt 

u la dieu khi£n duy nhat. Gi4 thiet 14 phUdng trinh chuy£n d6ng tit do cua 
ddi tupng (u = 0) chi cd nghi$m thtic va 4m. Ham Hamilton cd dang: 



Theo (2-112) phuong trinh li6n hop dupe xac dinh: 


dp [ 

dt 

h;iv dang veetd: 


tlH 4 n 

— = - 2 a „jP«> 

dy, " = i 1 

p = -A'p ... 


(2-130) 


(2-131) 
(2-132) 


lVong bieu thtic (2- 130) chi cd thanh phan cuoi cung cua v& ph4i la phu 
thuoc u, kit do theo ket lu4n tr4n: 


u 4 = sign J bjp (t) . (2-133) 

s = i 

PhUdng trinh (2-131) la phUdng trinh li4n hdp cua (2-128). Neu nghi4m 
cua phUdng trinh dac tinh cd b4n (2- 128) 14 thuc va am thi tinh ch4t 4y cung 
dung vdi phUdng trinh lien hdp (2-131) cho n£n Pj(t) cd dang: 
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(2-134) 


Pi<t> = I c ,j e "t 

J ^ 1 

ma ocj la cac nghidm thtfc 4m. H&ng s6 C- xac dinh theo difcu ki$n d4u. Difeu 
khien u - (2-133) se co dang: 


n n n 



Vi J D-e a j l di qua tri s6 0 khdng qua (n - 1) I4n n6n di£u khi£n 
j = 1 J 

u se co khong qua n doan khong doi [11]. 

Lilu y la khi co nghidm cua phtfong trinh d4c tfnh la nghidm phtfc hoac 
he la phi tuyen thi dinh ly v£ n kho4ng khdng th£ ap dung dtfdc. Di£u ay the 
hidn ro 6 vi du dtfdi d4y: 

Vi du ung dung 


Bai toan tdi uu tac ddng nhanh vdi ddi ttfOng 1 - bki toan 7 co phtfong 
trinh trang thai: 


va di£u khldn dang: |u f <1, 

vdi di&u kidn bidn: y^O) = -1; y^(T) = 0 

y 2 (0) = 0 ; y 2 (T) = 0 

O d4y: T- thdi gian cua qua trinh t6i tfu vdi y 1 = y, y 2 = y. B4i to4n dat 
ra 14 dtfa did’m bidu didn (y p y 2 ) ttf vi tri (-1, 0) d£n gdc toa d6 vdi thdi gian 
ngan nhat. 

Vdi d6i ttfflng trdn, ta co he phtfdng trinh: 


y\ = yi 

h = u ‘ yi 


(2-136) 


Thanh lap ham Hamilton: 

2 

h = 2 Pjyj = Piy2 - p 2 yi + p 2 u 

» - 1 


Tfr (2-137), ta thay H dat ctfc dai n£u: 


u* = sign p 2 (t). 


(2-137) 

(2-138) 
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(2-139) 


(2-140) 


(2-141) 


(2-142) 


(2-143) 


u = + 1 



H)nh 2->20. 
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ta co he phdong trinh tUdng tif nhtf (2- 142) 

Yj - 1 — Asin(t + a o ) 
y 2 = - Acos(t + a o ) 

Th do: (y, - l) 2 + y 2 2 = A 2 . .. (2-145) 


Do la ho cac phtfdng trinh dtfbng tron co tam d diem (+1, 0) nhu tr£n 
h.2-27a. Di£m bieu dien chuy£n d6ng d&u theo quy dao pha (v6i thto gian jt 
dddc nUa duong tron). 

b) Thay the u = - 1 vao (2-136) ta cd k£t quA tucfng tu: 

r, - + 1)2 + = A 2 ' (2-146) 

Quy dao pha 


la ho cac dtfdng 
tron d&ng tam vdi 
tpa do (-1, 0) nhtf 
tren h.2-27b. 

Khi khAo sat 
he thong d trang 
thai cuoi ta quan 
tam den doan quy 
dao pha cuoi cimg 
chuydn d6ng d£h 



goc true v6i thdi 


Hlnh 2-27. 


gian ft (/? < jt), 



Hlnh 2 - 28 . 


Hlnh 2-29. 
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chAng han vdi u = + 1 
(h.2-28). den duoc di£m 
A h6 thdng chuy£n d6ng ntia 
chu ky vdi u = - 1. Di£m B 
d6i xtfng vdi A qua tAm vdi 
toa do (-1, nghia la diem 
B nAm tr£n ntjra dudng trdn 
N l N 2 d6i xtfng vdi MjO qua 
cimg tAm d6i xtfng. Cung 
ttfcmg tu nhu vAy bi£n luAn 
cho quy dao pha CB v.v... 

Tdng hop lai ta co quy dao 
pha nhu d h.2-29 cho cA 
trang thai cudi cimg ting vcfi 
u = H- 1 cung nhu -1. Cac b) 
quy dao pha phfa trAn dudng 
cong ... M 3 M 2 M 1 ON 1 N 2 N 3 ... 
dng vdi u = -1 va phia dudi: 
u = +1 n£n nd 1A dudng 
chuy£n ddi. 0 bAi to An trdn, 
phuong trinh dAc tinh p 2 + C) 
1 = 0 cd 2 nghi^m thuan Ao 



Hlnh 2-30. 


Pj 2 = ± y va sd lAn chuy£n 

doi con ldn hdn 2. Vi$c xac dinh s6 lAn chuy£n ddi va quy dao pha cho bAi 


toan dat ra la theo dibu ki6n dAu. 


DiAu khiAn t6i Uu d£ dua h£ thdng t \i di£m (-1, 0) d£n gdc toa d6 phAi 
gom 2 doan vdi thdi gian t x (u - +1) vA r 2 (u = -1) nhu d h.2-30. Thdi gian 
dtidc tinh bang each do tri s6 cua cac gdc ^ va /? 2 tUdng ting vdi Tj va t 2 - 

Ket quA do duqc /?, = 30 n (t { = 0,52) vA = 73° (r 2 = 1,28). Tdng thdi 
gian t = Tj + r 2 — 1,8. So sanh vdi phtidng an diAu khiAn gAn tdi uu d hA 
bAc 2 (tnuc 1.5) (h.2-11) cho bAi toan trdn (2-34) doi vdi d6i tUdng 1 1A n don 

vi thdi gian. Vay diAu khi£n tdi Uu sA nhanh hon -y^ = 1,74 lAn. 6 h.2-30c, 
dudng dtit net ting vdi t < 0 vl diAu khtAn bAt dAu xu£t phAt tif u = -1. 
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11.2.3.6. D^ng t6ng quit vdri cht tl§u ch£t lugrng dang blnh 

He dUdc mo t& bdi phtfdng trinh trang th4i tuyen tmh: 

x = Ax + Bu. ... 

H4m tdn that dang: 

1 T 

J = —- /{x t Mx + u T Nu)dt ... 

2 o 

Ma tr$n M, N d£u x£c dinh dtfdng. 

Ham Hamilton: 


H =-(x*Mx + u t Nu) + p ] Ax + p T Bu. 

2 


vdi ma tr&n N doi xtfng c6n B bat ky ta co 
V u (u r Nu) = 2Nu, 

v u (u t Bu) = B T p. 

H dat cue tieu (dai) khi Nu + B ! p = 0 
Vectd dieu khi£n tdi uu 14: 

u\= - N H B T p. 

Cac phUdng trinh Hamilton - Pontryagin c6 dang: 

x = Ax - BN _1 B T p 


p = - Mx - A ] p 

Dudi dang ma tran: 


X 


A -S 

X 

p 

1 

-M -A t 

p 


vdi S = BN _1 B 1 

S la ma tran d6i xdng. 

N£u m6 t4 (2- 150) du6i dang: 

V - Hv, 

thi nghi§m cua no la: 

v(t) = e lu v(0) - ^(t)v(O) 
N£u t&ch ri£ng x v4 p: 


x(t) 


0 1 j(t) 

0 l2 (t) 


x(0) 

p(t) 


*2l< fc > 

0 22 (t)' 


p(0) 


phtromg 

(2-147) 

(2-148) 


(2-149) 

(2-150) 

(2-151) 

(2-152) 
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Neu xem thdi diem hien tai la t = 0, ta co 2 tradng hop can phan biet: 
trang thai cudi Yk to do hay ap dat. 

a. Trang thdi cuoi tu do 

Trong trtfdng hdp nay ta co p(0) = 0; 0 la thdi gian con lai. Di&u ki£n 
nay co the vi£t nho sau: 

(p 2[ (6)x(Q) + <p n (Q)p(Q) = 0 , 

ik do: p(0) = ‘<p 22 ' ] (0)<p 2[ (6)x(0 ); 

v6i moi thdi di£m ta co: 

iT = (2-153) 

h. Trang thdi cuo i Id dp dal 
x(f9) = x 1 hay: 

<p , l (^)x(0) 4- ^> 12 (^)p(0) = x 1 , 

tir do: p(0) - ^ 12 _1 {d)[x r - 0 |] {d)x(O)] > 

va v6i moi thdi diem: 

u* = - [x T - ^ n (0)x] (2-154) 

Vi du ling dung 

Ta kh&o sat bai toan 5 - bai toan ti£t kiem nang htdng. 

Vdi he dieu khien co cac philong trlnh sau 

y\ - i i = x 2 

y 2 s x. 2 = u 
G = u 2 

x(T) = x T = 0. 

Cac ma tran dope xac dinh nho sau: 


0 

1 

0 



A = 


; b = 

; M = C 

>; N = 1 

0 

0 

l 




1 o. 

1 0 

0 

[0 1] = 


111 

1 0 

1 
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f \i do ilia tran H: 


H - 


Sd do graph 
tin hleu nhu tren 
h.2-31. 

Cot i cua ma 
tran chuyen tiep 
th£ hien difeu 
kien dau x ( (0) cua 
IiTdng gia tang 
cua bien trang 


0 

0 

0 

-1 


0 

-1 

0 

0 


P/o) 


P/o) 


X/0) X/0) 



> c 

i C. 

T 


'P' 1 

1 P" f 

,p- ! 

p' j ' 

?-*- c 

1 

i. 

n _ 

1 

CU u 

1 

p~’ 

y --- o 


p, 




Hlnh 2-31. 

thai. Thco sd do graph tin hieu d h.2-31 ta co: 


<p(0) - 


0 . ( 9 3 /6 -6 2 I2 

1 . 0 2 /2 -0 


1 

-e 


Vi trang thai cuoi la ap dat, (2-154) cho ket qud sau: 



0 3 /6 

-e 2 /2 ~ 

1 

1 0 

= [0 1] 






a 2 i2 

-a 


0 1 

12 

\-d 

0 2 I2 1 

1 0 

¥ 10 u 

-a 2 /2 fl-Ve 

0 1 

12 


1 6 


- [-8 z /2 0 3 /6] 


x = 



0 1 



= — [-6» 2 /2 -0 3 /3]x = [-6/0 2 -4/0]x 
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6 4 6 4 

Cutfi cung: u* = - — x t - — = - — v. - — 

e d 2 i 9 2 e2 y\ 9 y2 

Ket quA nAy trung khdp vdi (2-116) da khAo sat. 


11.2.4. OlEU KHl£N TOl UU CAC HE TUYEN T(NH vdl CHi TlEU DANG 
BlNH PHLTONG 


11.2.4.1. Phuang trinh Ricatti 

PhUdng trinh trang thai cua he: 

x = Ax + Bu. (2-155) 

vdi h£ tuy d6ng, vec td trang thai mong mudn la x d thi sai l$ch dtfqc xac dinh 
boi: 

e = x d - x. (2-156) 

Ham tdn thAt co dang: 

1 T 

J = — / (e T Me + u T Nu)dt (2-157) 

2 o 

M va N dfeu la cac ma trAn xac dinh dtfcfng vA ddi xtfng. 

Ham Hamilton: 


H = — (e T Me + u l Nu) + p [ Ax + p T Bu 
2 

Difeu kien de H ctfc tidu la: 

V U H = Nu + B T p = 0, 
va dieu khiAntoi tfu: u* = -N _1 B T p 
Cac phUdng trinh Hamilton - Pontryagin: 

p = -A T p + Me = -A T p + M(x d - x) 

x = Ax - BN -1 B T p - Ax - Sp 

vdi S = BN'B 1 doi xting. 

Hoac dtfdi dang ma tran: 


X 


K -s 


X 1 

0 



• 


+ M 


p 


-M -A' 1 ' 


P 

x d 


(2-158) 


(2-159) 

(2-160) 

(2-161) 
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'fh do ma tran H; 


H - 


1 . 0 

0 . 0 


0 

-1 


0 

-1 

0 

0 


Sd db graph 
tin hieu nhu tren 
h.2-31, 

Cot i cua ma 
tran chuyen tiep 
the hien dibu 
kien dau x ( (0) cua 
luqng gia tang 
cua bien trang 


Pf(°) Pt(°) 00^(0) Xj(0) 



> <j 

* c 

Q 


-p-' 

,p’ 

, P■* 

p~' ' 

-p-' 

- p '■' 

P' 1 

?--c 

, -- c 

►-*- C 

?- -O 


Pf 


X 2 


Hlnh 2 - 31 . 

thai. Theo sd db graph tin hieu d h.2-31 ta co: 


<p{G) = 


1 0 . 0 3 /6 -0 2 l 2 

0 1 . 0 2 l 2 -0 


Vi trang thai cudi la ap dat, (2-154) cho ket qua sau: 

u* = [0 1] 


0 3 /6 -0 2 I2 

-1 

1 6 

Q 2 /2 -0 


0 1 


x = 


12 

— 10 

l 

i] 

-0 

B 2 I2 

1 

0 

6 4 


-6 2 I2 

0 3 /6 

0 

1 


X = 


12 


0 4 


12 


[-6 2 I2 6*16] 


1 0 
0 1 


x = 


= — [- 0 2 /2 -0 3 /31x = [-6/G 2 -4/0]x 
G 4 
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6 4 6 4. 

Cuoi cung: u* = - — x, - — x 0 = - — y, - — y^. 

6 e 1 1 e 2 e 2 1 e 2 

K£t qu& nay trung khdp vdi (2-116) da kh&o sat. 

11.2.4. OlEU KHl£N T6l iru CAC H$ TUYf:N T(NH Vtil CHf TlEU DANG 
BlNH PHLTONG 

11.2.4.1. Phirorng trlnh Rlcatti 

Phtfdng trinh trang thai ctia h6: 

x = Ax + Bu (2-155) 

vdi he tiiy ddng, vec td trang thai mong mudn la x^ 1 thi sai l$ch dtfdc xac dinh 
bdi: 

e = x d - x. (2-156) 

Ham tdn that co dang: 

J = — /'(e T Me + u r Nu)dt (2-157) 

2 o 

M va N d£u la cac ma tran xac dinh dUdng va ddi xdng. 

H&m Hamilton: 

H =— (e T Me + u r Nu) + p T Ax + p T Bu (2-158) 

2 v 

Di£u ki£n de H cifc ti£u la: 

V u H - Nu + B T p = 0, 


va di£u khientdi nu: u* = -N^B 1 ^). 


(2-159) 

Cac phtfdng trinh Hamilton - Pontryagin: 



p = -A T p + Me = -A T p + 

M(x^ - x) 

(2-160) 

x - Ax - BN ] B T p - Ax - 

Sp 

(2-161) 


v6i S = BN *B l doi xufng. 
Hoac dudi dang ma tr&n: 
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Ta nhan thay rang eac vec td x va p li£n he nhau bcfi phep bion doi tuy< 
tinh dang: 

p = Kx - v ) 

Til (2-160) va (2-162) ta cd: 

Kx + Kx - v - Mx - A f Kx + A'v + Mx ! . 

Sau khi thay the x til (2- 161) ta co: 

K(Ax - SKx 4 - Sv) + Kx - v ^ -Mx - A ! Kx 4 - A E v 4 - Mx d . 

Vdi moi x dang thtfc tren co nghia neii: 

K 4 KA + A T K - KSK 4 M = 0 (2-163) 

v 4 (A t - KS)v 4 Mx d = 0 (2-164) 

vdi S = BN _1 B 1 

Hai phildng trinh tren cho phep xac dinh K(t) va v(t» Phiictng trinh 
<2-163) goi la phi/ang trinh mo Iran Ricaiti. Til do ta cd dt tqc; 

u* - -N _1 B r (Kx - v) (2-165) 

x = (A - SK)x 4 Sv (2-166) 

Chii y rang u la 
ham cua x nen cd the 
xay dung dildc h$ kin 
vdi phbn hoi. 

Neu trang thai cuoi 
la t \i do, p(T> = 0, til 
do: K(T) = 0, v(T) = 0. 

Lav tich phan 

Hlnh 2-32. 

ngitdc lai bang each 

thay the K va v bdi -K, -v va xem K(0) = 0, v<0) = 0 la dieu kien dau. K(t) 
va v(t) khong phu t.huoc trang thai cua he cd nghia la luat dibu khien la tdi 
ilu vdi moi dieu kien dau. So do khoi cua he toi tfu tren tildng tfng vdi h.2-32. 

Chu thick 

1. Dfii vdi h§ tuy dong, khi muon ap dat trang thai cuoi x(T) g&n v6i 
trang thai mong muon (dieu khien trang thai cudi) ham ton that cd dang: 
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(2-167) 


1 . r 1 T 

J =- e l (T)Fe(T) + — J(e [ Me + u ] Nu)dt 

2 2.0 

Ham Hamilton cd dang (2-158) va tit do, dieu ki£n cuoi la: 

p(T) = [Vx( — e 'Fe)J _ T = Fx d (T) - Fx(T). 

2 . 

Mat khac: p(T) - K(T)x(T) - v(T) 

Tir do ta cd: K(T) = -F; v(T) = Fx d (T), (2-168) 

vdi moi x(T) va x d (T), 

2. Ma tran K la doi xdrng. Vi M va S deu doi xtfng, chuyen vi phuong 
trinh ma tran Ricatti (2-163) ta cd: 

k T + A t K t + K t A - K'SK 1 + M = 0. 

Ma tran K va ma tran chuyen vi cua no d§u la nghidm cua cung phuong 
trinh vi phan, hdn ntia F doi xdng: 

K(T) = -F -» K 1 (T) = -F t = -F. 

Nhu vay K va K* thoa man cung phuong trinh vi phan va cung dieu kien 
cuoi nen chung bang nhau, vi the K doi xdng 

3. Bai toan tdng hop b6 di&u chinh. Trong trudng hop trUpt vfe g6c true, 
ta cd x d = 0 va til do v = 0. PhUdng trinh cd v khong con nda va chi con 
lai phudng trinh Ricatti vdi K. 

Hdn nUa, neu thay the e = -Cx ta cd: 

e 1 Me - -x'C'MCx; e T Fe = -x T C l FCx, (2-169) 

Trong tinh toan, chi can thay the cac ma tran M va F bdi C*MC va 
C r FC va 

K(T ) = -C 1 (T)FC(T) (2-170) 

4. Tong hop bo dieu chinh vdi thdi gian v6 tan 

Neu cac ma tran A, B, M, N deu la ma tran hang vk T khong xac dinh, 
luat dieu khien la bat bien vi d moi thdi diem deu gidng cr thdi diem ke tiep. 
Do do K la hang va K = 0. Phuong trinh Ricatti trd thanh he phUdng trinh 
dai so ma nghiem la cac he so ph&n hdi. 

5. Doi vdi bai toan ton that cUc tieu: 
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a. Phuang phdp gidi tick 

Vdi nhting trtfdng hap gian dan, dung phtfang phap giAi tich nhii sau: 


Nghiem cua phuang trinh ma tr&n: 

X = AX + XB + XCX + D (2*172) 

se tUdng dUdng vdi nghiem cua phuang trinh ma tran he tuyen tinh sau: 

Y = -BY - CZ, (2-173) 

Z = DY + AZ, (2-174) 

vdi X - ZY 1 (2-175) 


ThUc vay, vi X = ZY 1 + ZY l , 

Nhung Y" 1 = -Y^YY" 1 . 

Td do X = (DY + AZ)Y 1 + Z(-Y" l )(-BY - CZiY" 1 
= D + AX + XB + XCX 

Vi du ting dung 

He thong cd phUdng trinh vi phan: x = u 

1 i . 

Chi tieu chat luang: J =- /(x 2 + Au 2 )dt 

2 u 

Trang thai cuoi khong xac dinh. 

Cac ma tran cd cac gia tri sau: 

A — 0;B = I; M = 1; N = A; 

S = vx = ,/ 2 

Phddng trinh Ricatti vdi thdi gian tinh ngUde cd dang: K — - ,u 2 K 2 + 1 
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Di&u khien tdi \iu cd dang: 

u* = -n^Kx. 

Vdi thcri gian khong gidi han: 

K - 0 ^ K — pt va u* = -//x. 

Phtfdng trinh Racatti ttfdng duong vdi h£ phtfdng trinh tuyd'n tinh sau 

y = ^' 2 z, 

Z — y vdi K — Z ; y 
Vi K(0) = 0 nen ta cd the co: 

Z(0) - 0, y(0) = 1 

He phtfdng trinh can giAi dudi dang ma tran la: 


y 


i° 



y 

z 


i i 

0 


z 


Ma tran chuyen t.iep dude tinh nhvf sau: 


0 _I (P> 



(pip) 




I -1 
1 

P 2 ' /' 

chfiiO 

1 

- sh//d 


p i 

P , li 2 

i p 

H sh//d 
ch uB 


I /' 

Th do ta cd nghiein: 


yW 

= dXfl) 

i 


ch/^0 





1 

Z(fl) 


0 


— sh/v<9 




2 . 

> 


Z 1 

K = — =— th^ft, 

y v 

//^K = pithpif), 
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u* = -(/*th//#ix. 

Sa do khoi nhtf 6 h.2-33a. 

Trong trtfdng hop then 
gian khdng gidi han: T ^ u‘ x <j= 0 

= -//x ttfdng ling v6i hinh 2- 33b. 


b . Giai phirang trinh Ricatti b) 
bang phirvng phdp tick phan so 

Gid s Or h£ diioc mo tk bdi; 
x, - x. 




Hinh 2-33 


Xo = u 


1 T 


1 i 

va ham ton that: J =— / {yjx { 2 + px^ 2 +Au 2 )dt, 

2 o 

Phtfdng trinh ma tran trang thai: 


x = 


X + 


u 


0 1 

0 0 

va til ham ton that: 

2G = + px 2 2 + Au 2 ta xac dinh 


Mat khac ta dat: 

K = 

va tinh: 

KA = 


0 


; A t K = (KA) t = 


0 b , 

b 2 bd 
bd d 2 
Phaong trinh Ricatti co dang: 


0 0 

a b 


1 

KSK - — 

A 


BB 1 1 

0 

1 

0 

0 


T) 

0 

s - 

X X 

1 

ii 

o 

0 

1 

; M = 

0 

P 



jt thjii& 

u 

/ 

X 



p 








N = A 
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k 

b 

0 a 

l 

0 

i 

0 

1 b 2 

bd 

V 

0 

b 

d 

> b 

+ 

a 

b 

"7 bd 

d 2 

+ 

0 

M 


Phtfcmg trinh tren ttfdng dtfdng vdi 3 phtfdng trinh sau: 


b 2 

a - - + w = 0 

A 

bd 

b + a - - = 0 

A 

d 2 

d + 2b - - + u — 0 

A 

Vdi thdi diem cuoi khdng gidi han ta co a = b = c = 0 va he phtfcrng 
trinh tren tildng dtfdng vdi: 

b 2 = Xrj 

d 2 = A(2 >/ Xrj + fx) 
a 2 = t) (2 V \y] + ju) 


Dieu khien tdi ilu la; U* = - N 1 B T Kx, ma 


... a b 

B l K = [0 1] = [b d], 

b d 

1 

til do u* — -bxj + dx-,. 

X ' 2 


He diidc md tk nhtf d 
h.2-34. Day la he bac 2 vdi he 
so suy giam dildc xac dinh bdi: 



u 

2 + — 

\fXrj 


Khi // = 0; £ 


2 


do la he 


so suy gi£m cua he bac 2 toi tfu. 
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Ket luan 


Phuong trinh Euler thudng dung de g\k\ cac b&i toan tdi Uu ma phi£m 
ham dang phi tuyen, con dieu khidn la nhung ham trdn ma ta co thd du doan 
trudc, dUa tren b4n ch£t vat ly cua chung. 

PhUdng phap quy hoach d6ng bat dau tit viec kh&o sat d m6t chang vdi 
k bien, lUu lai d bo nhd roi tiep tuc chang tiep theo. PhUcmg phap cUc dai 
khAo sat ch quy dao tdi Uu n chang, tren co sd kdt qu«k trudc, cki thi£n cho 
quy dao tiep sau. NhU vay phuong phap quy hoach dong thuan ti£n cho viec 
sit dung may tinh nhUng khoi luong tinh tang rat nhanh ddi vdi he nhieu 
chieu va khi can dp chmh xac cao. 

6 moi chang, khi xac dinh bien trang thai va di£u khidn tdi Uu, viec dUa 
vao dieu kien han che 6 phuong phap quy hoach dong de dang hon la 6 cac 
phuong trinh Pontryagin. Phuong ph&p quy hoach dong khong y6u c&u ph&i 
co nhung bieu thdc chinh xac ddi vdi qua trinh va cho phep phat hien tdi Uu 
toan bo. Do do, ket hop ck hai phuong phap se Uu viet hon: budc dku phuong 
phap quy hoach dong cho phep phat hi£n so bo cUc tri toan ho sau do dung 
phuong trinh Pontryagin dd giAi bM toan. 

Phuong trinh Ricatt.i dimg de tong hop cac he tuyen tinh vdi chdt ludng 
dang binh phuong cua sai lech. He kin it chiu Anh hudng cua nhidu va sU 
bien ddi cua thong so, phuong trinh Ricatti cho phep tinh den dieu ki£n dau 
khac khdng va thay ddi tin hieu dat. Viec chon ma tran trong lUdng thich hop 
d chi ti£u ch£t ludng la quan trong. 
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Phan 111 


Dfeu khien thich nghi 


IH.1. KHAI NIEM CHUNG 
III.1.1. V( DU VE MOT HE tCjy dOng thOng THUONG 

Trfin h .3- I co's a do nguyen ly cua mot he tuy dong lien tuc bam mat trai 
CGtfemg mat trcti"). Stic dien d6ng ciia. moi c&m bi£n C (t£ bao quang di6n) 
tiiy thu6c vao quang thong cua chum anh sang mat trdi <p va go'c chi£u a (nhtf 
d h.3-2). 



Hlnh 3-1. 

Neu C p C 2 mac kieu vi sai, d dau ra cua cd c&u so sanh co di£n ap u c = 
K ch A« ma K ch = f (<p) nhu d h .3-3. 

Tuy dau va tri so cua u e ma sau khi dtfdc khuech dai, di£n ap u Jc dat vao 
d6ng ca se dieu khi£n gxicfng quay theo hudng triet ti£u sai l$ch gitia true 
quang hoc cua gtidng va htfdng cua tia sang mat trdi. Khi anh sang y£u, nhti 
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khi bi may che khuat thi sii thay doi cua e va cung vdi no u e lam cho dien 
ap u dc dat vao d6ng cd gi&m. Ngtfdc lai khi n&ng g&t u dc tang va t6c d6 quay 
cua dong cd so ldn. He so khu£ch dai cua c& he thong dtldc xac dinh bdi: 

K = K ch K kd K s , (3-D 

R 

trong do K cb - he so bien ddi ciia c&m bi£n, K kd = h6 s6 khufich dai 



Do do khi thiet k£ kh6ng the xac dinh dddc K* de h£ lam viec d trang 
thai toi i/u (K' chi dtidc tlnh dung vdi ldang quang thdng <p o co dinh). Khi 
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K = Kj > K* he se dao ddng co khi den mat on dinh; ngxtofc lai khi K = K 2 
< K* he se ”i", do chinh xac kem. Tren h.3-4 bieu thi ham qua do cua chuyen 
dong gUdng vcri dfeu kidn la khi vUdt qua vung kem nhay cua he thdng, gUdng 
mdi bat dau chuyen dong nhu co tin hieu bac thang d dau vao. 

NhU vay, he tuy dong thong thudng noi tren se khong lam viec nhu mong 
muon vi iuong quang thong thay doi mot each ng^u nhien vdi pham vi bien 
doi ldn. 

III.1.2. UNG DUNG PHAN TLT THlCH NGHI TOl GlAN 

Co the cd nhieu phuemg an chi thien che do lam viec cua gUdng mat trai. 
PhUdng an gihn don la dung mdt chm bien thuf ba do quang thong cua 
mat trdi, so sanh vdi mot ngUdng didn ap u o rbi dfeu khi£n mot rdle trung 
gian vdi muc dich thay doi hd sd khudeh dai K kd nhu d h .3-5, Khi lUdng quang 
thong tang, K ch tang va rdle RL se cat mdt phan dien trd trong mach phhn 
hoi cua khuech dai K kJ . Hd so khuech dai cua he thong K do do ma se duac 
duy tri d mute d6 can thidt. Neii dung nhieu rdle mac song song va lam viec 
vdi nhUng tri so ngUdng u ni khac nhau, cd the lam cho K bien doi "trdn", gan 
vdi he sd khuech dai toi Uu K* ma khong phu thude lUdng quang thong <b. 



Hlnh 3-5. Hlnh 3-8. 


Tren h.3-6 la ham bien thien cua O (gih sir la tuyen tinh) va tac dong cua 
ba rdle cd ngudng khac nhau cung nhu he so khuech dai toi uu K* da tinh trUdc. 
ThUc te cho thay chi vcfi mot rdle, che do lam viec cua hd da dUdc chi thien dang 
kd’ [29]. Nd'u trong mach chinh dinh thdng sd cua khuech dai, dung mdt dong 
cd con lam viec cf che dd tuy dong thay doi vi tri con trUdt thi ta cd chd' do lam 
vide ly tudng - K luon Ih mot hang va bang tri so toi Uu K*. 


138 



III. 1.3. OINH NGHIA VA PHAN LOAI CAC Hg THfCH NGHI 


Trong vi du tren, vi si i thay doi quang thdng (nhiiu) lam thay doi he so 
bien doi cua cAm bien K cb nen chat lupng cua he thdng (a%, t qd , s) khong giuf 
dupe tri so toi Uu (ling vdi K = K*) Mach thich nghi cd nhiem vu do d6 nhay 
cAm cua thong so K ch doi vdi va xac dinh dai lupng K k(J cAn cd dd* dim bio 
chat lupng cua hi luon toi Uu. Do do ly thuyet ve thich nghi gan lien vdi ly 
thuyet ve nhay cAm [30, 31], 

Cd nhieu dinh nghia vb hi thich nghi va noi chung khong cd sU khac 
nhau dang ke. 

"Thich nghi la qua trinh thay doi thong so va cau true hay tac dong di'eu 
khien tren cd sd lupng thong tin cd dupe trong qua trinh lam viec vdi muc 
dich dat dUdc mot trang thai nhat dinh, thudng la toi Uu khi thibu lupng 
thong tin ban dau cung nhu khi di'eu kibn lam viec thay ddi" [33] hay: 

"Dieu khien thich nghi la tbng hop cac ky thuAt nham tu ddng chinh dinh 
cac bp dieu chinh trong mach di'eu khien nham hien thUc hay duy tri d mot 
mtic do nhat dinh ch£t lupng cua hi khi thing sd cua qua trinh dupe dibu 
khien khong diet trude hay thay doi theo thdi gian". 


Tong ket sdm nhat vb cac phuang phap thich nghi la cua Donalson D.D. 
va Kishi F.H. [5, 22], Tif nhttng nam 50 - 60 nhung tien bo cua ly thuyet 
dibu khibn da md dudng cho hudng dibu khibn mdi - dibu khibn thich nghi. 
Hang nam cd hang tram edng trinh va nhieu sach bao ve van de nay. Xuat 
hien nhieu tfr mdi nhu :hb tu hoc", "hb tu tdi Uu", ”hb tu 1 6 chtfc", "hb tu dibu 
hudng" v.v... Dudi Anh hudng cua viec nghibn ctfu v'b tri tub nhbn tao, mdt 
so khai niem mdi nhu "dieu khien md", "dieu khien nd-ron", "dibu khibn thdng 
rninh" ra ddi va nhanh chong dupe s\i dung trong thUc tb. 


Trong khoAng 40 nam trd lai day, ly thuybt dieu khien thich nghi da dupe 
hinh thanh nhu mdt mon khoa hoc, til tu duy trd thAnh hibn thUc nghiem 
tiic, tit each giAi quyet nhting van de cd bAn trd thanh bai toan tong quat, td 
van de ve sU ton tai va khA nAng cd thb giAi quybt dbn nhting ap dung dinh 
hudng xuat phat ti* tinh ben vting va chat lupng. 


Hb thich nghi cd nhung uu dib'm sau vb hibu quA kinh tb ky thuAt: 


- CAi thien chat lupng sAn pham, 


- Gia tang sAn lupng, 


- Tiet kiem nang lupng, 


139 



- Gi4m thdi gian b4o dudng, 

- Phat hu i sdm hong hoc, 

- Luan chtfng kinh t£ viing ch4c, 

Co th£ phan loai cac hd thich nghi theo cac tidu chudn sau: 

1, Tuy theo si t tdn tai hay khdng tbn tai trong he, tm hidu phu ma ngtfdi 
ta dua vao d£ "tim n dude ch£ dd lam vide t6i Uu m4 co he cd tin hi£u dm [14, 
20, 37] hay khdng co tin hi£u dm [15, 17, 23, 32], cd khi dUdc xem la phUdng 
phap gay nhidu thdng so [5, 13]. 

2, Tuy thude v4o doi tudng 14 tuydn tinh hay phi tuydn tinh, nh4t la khi 
dac tinh tinh cua doi tUdng co' cUc tri (cite dai hay cUc tidu) ro rdt ma cd h£ 
cue tri [5, 6, 37] hay he gidi tich [15, 16, 17, 21, 23]. 0 he cUc tri, b4n than 
doi tudng cd dac tinh cUc dai hay cUc tieu, do la luong thong tin ban d4u cd 
them dime va trdn co ad ay hd dude tdng hdp gi4n ddn hdn. Do do he cUc tri 
phat trien sdm hdn va phuang phap kh4o sat ho4n chinh hdn. 6 he gi4i tich, 
"ede tri cua chat luang", dude hinh thanh gian tid'p cho ndn gap khd khan 
trong qua trinh toi uu hoa vi mat cue tri nhieu khi khdng nhu gi4 dinh. Do 
do cd nhtfng phudng phap ket hdp de t4n dung dac diem cua chung [14, 16, 
33]. 

3, Dieu khidn thich nghi duoc thuc hidn trong didu kidn luong thdng tin 
ban d&u ve doi tudng r4t han chd, Trong nhieu trudng hpp can nh4n dang 
doi tudng, do la dieu khi^n gian tie'p. TrUdng hdp dieu khien khdng qua nh4n 
dang La dieu khien true tiep. Kdt hdp nh4n dang va dieu khid'n cd kh4 nang 
tang dd chinh xac cua hd thdng ndn didu khidn gian tidp con duoc xem 14 
dieu khien thich nghi toi Uu [22]. 

4 Tuy thude vao sU t'dn tai hay khdng tdn tai trong he thich nghi, md 
hinh m4u ma cd he cd mo hinh mdu [5, 21, 33, 34] va kh&ng co mo kinh 
mdu. Md hinh mau cd the noi tiep hay song song. 

5. He thich nghi tidn ddn trang thai t6i Uu mdt c4ch tu4n tu, bude sau 
dUdc thuc hien tren cd sd danh gia budc trUcrc theo mot chi dan nhat dinh. 
Tiiy thude vao sU tbn tai hay khdng tbn tai "chi d4n r ma cd he hoc hay he til 
hoc . 

6. 0 he thich nghi, ngoai mach vong cd b4n cua mot he thdng thuong con 
cd mach thich nghi. Tuy dang cua mach thich nghi ma phan biet mach thich 
nghi ho va kin. 
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7. Tuy t.hudc vao mdc do phtfc tap ciia mach chinh dinh - chi thay doi 
thong so hay ck cau true ma co h£ tiJt chinh hay h£ tu t6 chiic [18, 23]. 

Ngoai ra, cung nhu d cac he thong thUemg, tuy theo phudng phap tdng 
hop la tien dinh hay thong ke ma cd hi ti$n dinh va ngdu nhiin cung nhu 
lien tuc. va gian doan 



Sd do khoi tong 
quat cua m6t he thich 
nghi nhu t.ren h.3-7. 

Ngoai cd cau dieu khidn 
(CCDK) va doi ttfdng 
dieu khidn (DTDK) cua 
mot he thong thudng 
con cd cd cau nhan dang 
va cd cau thiLh nghi 

Cd sir khac blot ro 
net. giita he cite tri va he 
giai lich. O he giAi tich 
thudng khdng dung tin 
hieu tim con d he cite tri 
thudng dung tin hieu tim. 

Cac chitdng sau se nghien cdu theo hudng nay. O moi loai chi di sau vao 
mot he cu the va tit do suy ra cac phitdng phap xay dung cac he khac. 


Hlnh 3-7. 


PhUdng phap tong quat hoa cac he thich nghi [34, 35] cd y nghia rat 16n 
[21] khong nhung d cho bao quat dUdc mot so ludng rat Idn cac bai toan thich 
nghi, ddn gian dUdc vi6c tim hieu nguven ly cd Mn cua ngay cac h£ phurc tap 
ma con tren cd sd do xay dung cac bai toan nidi, cac thiet. bi cu the nidi. 


III.2. HE CITC TR( 

111.2.1. OOI TUQNG CO DAC T(NH Cl/C TR( 

Trong linh vUc dieu khien tU dong, thUcing gap mot so doi tUdng cd dac 
tinh ette tri (cUc dai hay cue tieu). Sau dky la mdt sd vi du. 

Vi du 1 

Ra da bam muc tieu di dong nhu d h.3-8a. Tin hieu didu khidn goc ta va 
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gric phiidng vi 
Up u, va ctfdng 
do thu y cua 
rada cd dac tinh 
nhix ct h.3-8b. 

Doi vdi muc 
tieu di dong, dac 
tinh cue tri luon 
thay doi. Hinh 
dang cua y(u p 
u j thay doi theo 
khodng each den 
muc tieu. Hon 
n€fa y con thay 
doi ng£u nhien 
do tac dong ciia 
nhidu ttf nhien hay nhieu tich cue. 




Vi du 2 

Trong cac 16 khi ddt, nhiet do t 1 ' veri liiu ludng khi dot q nhat dinh phu 
thupe ltfu ltfdng khong khi theo dac tinh cite tri nhtf tren h.3-9b, Nhiet do 
cUc dai va hinh dang dac tinh t°(u) phu thuoc chat ludng khi dot., nhiet dp 
khong khi va vat can mmg, O ddi tUdng nay qua trinh tron I4n khong khi va 
khi dot la cd quan tinh, vat can nung eung nhu dung cu do cung cd quan 
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-tinh; dac tinh dong 

hoc trong trtfdng hdp ^ j l y L 

nay khae vdi doi 
tudng a vi du L 
Vi du 3 

Qua t.rinh khoan * 
nhu khoan tham do 
viio long dat co dac 
tinh ciic tri nhu iron 
h.3-10b Ap life cua 
mui khoan P = x va 

"/' L V 

toe do tinh tien cua a) b) 

no 1 = y (xac dinh Hinh 3 - 10 . 

nang suat cua qua 

t.rinh khoan) co cite dai vi khi tang ap luc 16n hdn tri so t6i du x* thi mui 
khoan bi nghen va toe do cham lai. Hinh dang va tri so cite dai phu thuoc 
vao tinh (that cua dat. 




x=P 


Vi du 4 

Trong thife te thddng gap nhhng hki toan ma dai liidng dddc dieu khien 
la chi tieu chat ludng cua he, con Itfdng dieu khi£n la thong sd chinh dinh 
nhu d tritdng hdp can thep la (h.3-lla). Do day H cua phoi trUcrc true can 
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dupe do bang cbm bien c r Do day h d d&u ra cua true can dupe do bang cbm 
bien c,. Ket qu& do, dupe may tinh MT gia edng d£ a d&u ra la blnh phuong 
cua sai lech so vdi trj so mong muon: y = a h 2 . Dai lupng y qua ca cau dieu 
^ khien (CCDK) va mach hieu chlnh (HC) d£ dong co thay doi vi tri true can. 
Dac tinh cUc tri nay co dang cUc tieu. Tri so toi Uu x* tiiy thupc tac dong cua 
nhi£u (dac tinh co hoc, nhi$t do, do t&n ban d&u 0 ^ cua phoi) va co the thay 
dbi trong qua trinh can. Trong he nay ngoai quan tinh cua ddng co, can tinh 
den do tre phu thuoc toe dp cua phoi. 


ill.2.2 H$ CLfC TRI XAy DUNG THEO PHUONG PHAP 
TACH SONG DbNG BO 


O hinh3.12co so do khoi 
cua he cUc tri xay dung theo 
phuong phap tach song ddng 
bo. Doi tupng la mot khau 
phi tuydn tinh co cUc dai 
chang han va khong co quan 
tinh trong trudng hop gi&n 
don. Co cau tach song dong 


DTDK TSD3 



bo (TSDB) gbm cd co cau 
nhan va bo loc 


<L). Co c£u ch£p 
hanh (CH) dupe 
mo phong bbng 
khau rich phan. 
Tren h.3- 12 - 
v lh la tin hieu 
thu (tin hi&u 
tim) va v t - tin 
hi£u tua. Trong 
trudng hop 
khong cd quan 
tinh d DTDK, 
v lh vb v { la nhu 
nhau, vi du dung 
song dieu hoa: 
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V | h = v . = X m 3in <^ 


( 3 - 2 ) 


Nguyen tAc boat dong difdc giai th'ich theo h.3-13. 

6 di£m lam viec A, tin hieu y(t.) ciing pha vdi tin hibu thti. 6 diem lam 
viec B - ngtfdc pha va diem C (diem ctfc dai) tin hibu y(t) co tan so gap doi 
2a> (l . Do la nhting thong tin quan trong lam co sd de xAy dtfng he cifc tri. 
Theo chuoi Taylo, tai diem lam viec x = v vdi bibn do X m be ta co 


y( v + x m sintu„t) = 


+ 


1 it 2 y 

2 < 0x I 


X = 


<)y 

y(v) + ■— | X sina^t + 

<)X x = v 

(X m sino; o t) 2 + ... 


(3-3) 


va bien do cua song bAc mot d dau ra cua doi ttfdng ty lb vdi dao ham dy/dx 
d diem lam viec. Bo lpc co chde nAng dAp tat cac song bAc cao, chi con lai 
song bac mot, song bac mot ty Id vdi grady. 

Neu dac tinh y(x) la ham bAc hai: 

y(x) = a (> + a,x + a,x 2 , 


thi bien do song bac mot d dau ra cua doi ttfdng dieu khien: 



(3-4) 


ty le vdi V^y. Do do phtfdng phap nay goi la phtfdng phap tach song dong bo. 
Co cau tach song dong bd 1A mot bo nhAn d£ thtfc hien nhAn y(t) vfji tin hieu 
ttfa v ( (t) va bo 
lpc de lay tri so 
trung binh. B6 lpc 
ly ttfdng co' ham 
trong Itfcfng nhtf 
d dtfbng dam net 
tren h.3-14a, thtfc 
hien theo so do 
khoi d h.3- 14b. 

Do tre don thu'an 
chi dtfdc thtfc 

H\nh 3-14. 



O) 
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hien bang’ ky 
thuat. so. Duong 
cf lift net iron 
h 3- 14a la ham 
trong lifong cua 
bo loc difoc thifc 
hien bang mot 
khan quan tinh 
bar 1. 

Nguyen tar, 
hoat dong cua 
hr cifr tri dupe 
gi&i thirh nhir sau: 


® 




Hlnh 3-1S. 


0 diem lam viec, A (h.3~13) tin hi§u y A rung pha vdi tin hieu Ufa v r d 
dau ra cua bo nhan la hai ntfa chu ky duemg Z<t), bo loc ly tifdng se cho tin 
hieu p la tri so hhng duong. Do do cd cau chap hanh - mot. khau tich phan 
- se cci tin hieu d dau ra: 


/] 1 I 

VI t) = J P,dt = p, tj , 

0 j u 

va khi dong cong tac K (h.3-12) thi vtt) se ttf tri so v x chuyen dong theo 
hudng tien den c xic tri - diem C. Qua trinh se ngUdc lai n£u he lam viec d 
diem B. 

O diem lam viec C (h.3-15b> d dau ra cua bo nhan, tin hieu Zifc) se tan 
thanh, rung vdi true theti gian, nhung dien tich bang nhau va khac dau tifng 
dm Hint tgach spe tren h.3-15k do do tri so trung binh p bang khong va vi 
tri diem lain viec vAn khong thay doi khi dong K vi do la che do toi ifu cua 
he nir tri. 

O he rife tri ro 2 qua trinh xay ra: quo trinh co hart la qua trinh tien den 
rife tri va quo trinh tim la qua trinh xac dmh hudng phat trien cua qua trinh 
ed ban. 0 day qua trinh xac djnh htfeng phat trien dupe thuc hien theo phifdng 
phap tach song dong bo con qua trinh tien den ciic tri tkhi dong cong tac K> 
dif do thuc hien theo phifdng phap gradien. Sau nay, se khong di sau vac viec 
khan sat tifng he ma chi de cap den car phifong phap khac nhau de xac dinh 
giadv va car phifdng phap chuyen dong den rife tri. Ket hop tifng doi mot., 
ta c<i nhung he oiio tri khac nhau. 

Khi doi tifdng dieu khien ngoai dac tinh ci/c tri con cd thanh phan quan 




tinh, tin hi oil dau ra cua doi tudng y(t) se djch pha so vdi tin hieu thif mo; 
gdc (fio) >, do do d dau ra cua ho loc cua bn tach song: 


fly 

p(ti = X m -co3y»twj (i l. («S-5) 

Ox 


Nfeu goo dich pha ay Ion hdn 45 ( ‘ thi ohuyon dong se theo hudng ngi/dc 
lai so vdi hUdng den cUc tri va he se khong lam viec dude. Do vay khi oo quan 
tinh, triidc khi dUa vao ho tach song dong bo, tin hieu til may phat song tun 
se qua cd oau dich pha de tin hieu t.Ua cung co go'c dich pha nhu tin hieu ylO 
tot nhat la bang ipiuj ). Trong tnidng hdp gdc dich pha khong the xac dinh 
dude. ngUdi la dung mot much thich nghi khae, xay dung then phUdng phap 
giai Hch ehang han de nhan dang va tu dong chinh dinh go'c dich pha 

Trong vi du tren> bo tach song dong bo, tin hieu phat song tim deu co 
thong so tdi Uu cua no nhu bien do, tan so cua song thir, he so khuech dai 
va hang so thdi gian cua bo loc. Nhtfng much thich nghi cd the dune xay dung 
de tU dong chon thong so t.oi Uu cua chiing nham nang cao hieu ring cua he 


Tin hieu 


phu 

(tin 

hieu tim, tin 

hieu th U ) cf 

he cUc 

tri cd 

the 

la 

nhUng 

dung 

song 

khac 

nhau 

nhu 

cac 

xung 

rang 

ciiu. 

xu ng 

chu 

n hat 

V , V .., 

va rung cd 

the 

la 

nhUng nhieu 

ngau 

nhien 

do 

duoc 





trong qua 


Hlnh 3-16. 






trinh lam viec. Trong 
trddng hap ay may phat 
song dong bo se thar 
hien chdc nang cua ca 
cau xac dinh ham tiiang 
quan cua song dau vao 
va dau ra cua doi tddng: 

fly/dx = kR^Cr) ■ 

(3-6) 

Tren h.3-16 la ket 
qui mo hinh hoa he cdc 
tri Iren may tinh vdi 
song tim v lh la ngiu 
nhien. De de quan sat, d 
h .3- 16 con co tin hieu 
ngiu nhien vdi "tan s6" 


H Inh 3-17. 



Hinh 3 - 18 . 
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A AftAA 

a) 
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b) 
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c) 


Hlnh 3-18. 


trung binh giAm 
di 200 lAn. Tren 
h.3-16 con cd tin 
hieu v(t) t \i vi tri 
ban dAu cf di£m B 
(ben phAi ctfc tri) 
tidn d£n cUc tri - 
diem C (so sanh 
vdi h.3-13). 6 

h.3- 17 cd cac dac 
tinh tren vcfi tin 

hi£u tim la song di'eu hoa (3-2). So sanh y(t) vdi v h cd the th£y pham vi cung 
pha, ngupc pha va tan s6 gap doi cua y(t) so vdi song tim v^. 

Phtfdng phap tach song dong bo cd khA nang chong nhieu t6t ndn thong 
dung. Phiicmg phap nay cd the dung d£ chinh dinh thong s6 tdi tfu cho he 
nhieu thong sd dAu vao nhtf d h.3-18. M6i kenh se lam viec vdi tAn so rieng vdi 
may phat song PS ( tao song ttfdng ting va bo dich pha DF ttfcfng dng. Cung 
cd the dung tin hieu lech nhau theo thdi gian (h.3-19b) hay ket hdp cA 2 
phuong phap(hmh 3-19c)nham giAm sd lupng ngubn phat song. Do do neu sif 
dung dtfdc nhidu ngiu nhien thi he se dupe ddn gian nhi'eu nhung tdc dp tim 
ditdc ctfc tri se chain. 


III.2.3. CAC PHLFONG PHAP XAC DINH GRADIEN VA CHUY£N D0NG 
D£n Cl/C TRI 


111.2.3.1. CAc phircrng phAp 
xAc dinh gradien eda hAm muc 
tieu 


1. Phmrng phap dao ham theo 
thai gian 

Gradien cua ham muc tieu 
cd the xac dinh theo: 


grady =— 

dx 


dy/dt 

dx-/dt 


(3- 7) 
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baj, ri ■ -a h dung cac bo vi phan cf dau 
van x va dau ra y cua doi tuong Phan 
tiV logic ih.3-20) xac dinh dau cua 
dao ham, ttr khuech dai KD va no can 
chuyen doi se dua tin hicu ± u n van 
co cau chap hanh. 

N pu co nhieu dau vao co the 
dung cac ham tuyen tinh lan lirpt dtfa 
vao tifng kenh nhu tren h.3-2l 

Dao ham toan phan od dang: 
d y _ <Jy jix, + Oy 
dt f'fXj dt f')x p dt 

6 moi thcri diem chi co mot kenh 
co' gia tri vi du &: 

t [ < t < t, co 

dx, 
dt 


X, 

t 

x* ! / 

t 

! 

1 

l 

1_ 


t 

f . u tj 


H)nh 3-21, 


dx, 

dt 


= 0 : 


dt 


= b. 


(3-8) 


Thav the (3-8) vao (3-7): 


dy />y 
— - (—) h, 

dt '/Jxs 


(3-9) 


Nhtf vay bang each do dao ham theo thei gian cua ham muc tieu, co the 
xac dinh dao ham rieng t.Udng ring. 

Phtfcmg phap nay giAn don nhimg ton nhieu thoi gian dm va rat. nhay 
cam doi vai nhi£u do dung car khau vi phan. 


2. Plunniji phap (dch xon% ddnp bo (da khAo dm, d muc IH.2.2). 


111,2,3,2, Cac phirong phap chuyen dong den cue tri 

San khi xac dinh dao ham rieng hiet hudng va dai lUdng gradien, he thitc 
hien qua trinh cct sd - qua trinh chuyen dong den ede tri. Duoi day la mot 
so phitong phap chuyen dong den ctfc tri rieng biet vdi qua trinh xac dinh 
gradien 
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1. Phir<mji phap prod ten 

O phde/ng phap nay bude chuyen don* ty gradien: 




Ax = a grady(x), 


(3-10) 


trong do, a- he so. O moi kenh bade chuyen dong ty le vdi dao ham rieng 
tiirtng tfng. Tren mat phang 2 thong so dieu khien d h.3-22 co cac cludng 
dong mile - dudng cong 
cung tri so y. Neu cac tri 
la cac dai thi dudng trong 
co tri so ham muc tieu 
ldn hdn dudng ngoai no. 

O h.3- 22 con co quy dao 
tim cac tri cua phaong 
phap gradien: quy dao 1 
- 2 - 3 - 4. O moi diem, 
d'au tien xac dinh gradien 
roi sau do bade chuyen 
dong 1 - 2. 2 - 3, 3 - 4. 

Hadng chuyen dong theo 
gradien la hadng vuong 
goc vdi tiop tuyen cua 
dudng dbng mdc tai diem 
xuat phat va bade chuyen dong ti le vdi tri so tuyet doi cua gradien da dUqe 
xac dinh. 

6 vi du cua he tach song dong bo trong muc 111.2 2. chuyen dong den cite 
tri thuc hien theo phUdng phap gradien. 

2. Phi rang phap nan g (ha) nhanh 

Theo phaong phap nay, chuyen dong dupe thde hien theo hadng gradien 
nhang do dai cua bade chuyen dong khdng phu thuoc moduyn cua gradien 
ma phu thuoc vao dieu kien dat cite tri theo hadng grad nghia la den khi bat 
diiu t.iep xiic vdi mot dadng dong mute nao do. Tren h.3-22 chuyen dong theo 
phaong phap nang (ha) nhanh la chuyen dong theo quy dao 5-6-7-8. 

d. Phiranx phap ini uu hoa theo toa do (Gaus - Zeidcn) 

Phaong phap nay t. hadng dung d cac he toi Uu nhieu thong so dau vao 
vdi cac bo dieu chinh cUc tri mot. hien. Trifdng hop nay chi mot thong so thay 
doi cho den khi dat cite tri theo thong so ay trong khi cac thong so khac cd 
dinh. Sau do thay ddi thong so t.huf hai v.v... Quy dao chuyen dong theo phaong 



Hinh 3-22. 
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phap toi Uu hoa theo tpa do d h.3-22 la 9-10-11-12-13. 

So bO so sanh c& ba phuong phap trdn, ta th&y phuong phap n&ng (ha) 
nhanh co so budc chuyO'n ddng it nh£t trong cung mot dieu ki$n. Phuong 
phap tdi uu hoa theo tpa dp doi hdi nhifeu thdi gian hon de ddn cUc tri khi s6 
lupng thdng so Idn. 

111.2.3.3. C6c phirorng ph4p thirc hi£n d6ng thdri hai qua trinh 


1. Phuang phap ghi nhd cue tri 


Co c£u ghi nh6 cUc tri cd thd dupe thUc hidn b&ng cac linh ki£n diOn tti 
don gi£n nhu d h.3-23a Khi cd lenh tang x, qua diot D, tu C dupe nap. Khi 
y(t) vupt khoi tri sd cue dai, y(t) b&t dau gi&m. Lupng chdnh lOch ngay c&ng 
tang dy se dupe dat tr£n didt D vi diOn trcf ngupc 16n. Lupng chenh l£ch tuong 
ling v6i viing gach soc d h.3-23. Do do co tdn Yk phuong phap ghi nhd cue 
tri. Khi dat den trj so nguong cua den K (ngUOng S la tri so tdi da d£ den 

r ngan mach didt D) 



co cdu ch£p hanh 
cho lenh d&o chidu 
chuyen dong, dai 
lupng y(t) lai t&ng, 
tu lai nap. Khi y(t) 


a) 


vupt qua tri so cUc 
dai, lupng chenh 



l£ch so vcfi cue tri 
tang dan va so sanh 
vdi nguOng S cua 
den v.v... Cd the he 
se lu6n ghi nhd va 
bam theo cUc tri. 

2. Phuang phap 
butic 

Sau khi thuc 
hien nipt bupc Ax^, 
h£ se do thong s6 d 
dau ra y k va so sanh 
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vcfi trj s6 trudc do y K _ { da dupe ghi vao bo nhP. K la s 6 thuf tu cAa bade dupe 
thiic hien. 

Tuy thupc vao daiu cua Ay K = y K - ■ y K _ , ma bade tigp theo Ax K + 1 se 
dupe thuc hibn theo hudng can thibt. 

Neu cUc tri la cUc dai thi: 

x K + , = csign(Ay K ), (3-11) 

ma c la gia tri cua bade. Tren h.3-24a la cac bi£u db cua trUPng hop buPc 
cho trade, khbng phu thubc tinh ch&t cua dbi tuang. 6 h.3-24b, tbn s6 ctia 
bade dupe xac dinh boi db doc cua dac tinh cue tri. Cang gan cUc tri, dp doc 
cang be hdn va tan so cua buPc cung gi&m. So do khoi cua he tren h.3-24e. 
Dai lupng Ay K = y K - y K _ ] dupe thUc hien nhP co eSu so sanh va phhn td 
t.re T. Khau rich ph4n noi ti£p vdi phan logic (L g ) dieu khi£n dong cd bu6c 



Hlnh 3-24. 
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thifc hien chuyen dong t.heo quy luat sau: 

+ c neu / ^y K dt > d 

' K '' (3-12) 

1 K 

- c neu f Ay^dt < - A 
l K-l 

A la ngUdng tac dong cua phan tuf logic. Cang xa cUc trj Ay K cang ldn va 
(T k - _ ,1 cang be, budc cang day hdn. Khi gan cUc tri, Ay K cang be, <\nh 

htfcfng cua nhmu cang ldn, nhung then gian l£y tich phan cung cang ldn, va 
kh& nang chong nhi£u cang t6t. 

.1. Phutrn£ phdp don hinh 

Tren mat phang hai thong so, don hinh dUdc the hiqn bang tarn giac deu 
canh (trudng hop mot th6ng so - nhung doan thAng, ba thong sd bi£n doi - 
ddn hinh la nhUng hinh thap 4 dinh, moi mat la tam giac deu). Tren h.3-25a 
toa d6 cua m6i di£m 1, 2. 3 dUdc xac dinh sao cho cac canh bang nhau va 
Ung vdi chung cac toa do y ] (x 1|> x 21 ), y 2 (x l2 , x 22 ) va y^(x lV x 23 ) dUdc do va 
so sanh vdi nhau. N£u cue tri la cue dai thi dai lUdng be nh£t s£ bi loai trU 
va trang thai nidi se dUdc tao nen bAng each "lat" tam giac 1, 2, 3 quanh t rue 
2, 3 de loai t.rU diem 1. Ctf the he se tien den cue tri. O vi tri 11, 12, 13 eo 
trang thai dao dong va cac tam giac luon lat quanh true 11, 12 nhu h.3-25a. 
De tang do chinh xac khi cd dao ddiig ldn quanh cue tri,co the giAm nda cac 
canh cua tam giac trong qua trinh tien den ctfc tri nhu d h.3-25b. 




Hinh 3-25. 
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111.2.3.4. PhLrorng phap tim khi c6 nhieu circ tr| 

Trong nhieu trUbng hdp dac tinh doi tUcrng y(x M ...» x n ) co nhieu cUc tri, 
can xac dinh cue trj toan bo thi ngUdi £a thudng dung phudng phap "tim mil" 
hay "quet". Ndi dung la tuan tU "xem xet" cac vimg G cd th£ vdi thdi gian va 
t.6c do sao cho phat hien dude eUc tri can tim. Neu kich thUdc (the tich) r.ua 
tat ca cac viing can quet la G = L n , kich thucrc viing cue trj toan bd la g = 
l n thi tong thdi gian quet. la: 



trong do AT la thdi gian mot lan do, n la so chieu eua vec to thong so. Then 
gian ay qua ldn nen ngudi ta ket hdp ck hai phuong phap - phudng phap quet 
kdft hdp vdi phuong phap gradi^n. Phudng phap quet chi thuc hien tim vimg 
vh trong moi viing phudng phap gradi£n nhanh chong tim cUc tri (h.26). Thdi 
gian quet se la: 



trong do L* la viing cd cUc tri toan ho, 

Khi viing cue tri la nhung dinh nhon (y-* 1) thi thdi gian tim se giam 

ij 

nhieu. C!h u y la 
phudng phap 

gradien lien tuc cd 
kha nang tim cUc 
tri trong trudng 
hop mat cUc tri cd 
hinh mang, hinh 
yen ngiia ma 
phudng phap bude 
khong khac phuc 
dude. 

Cac he cUc tri 
dung tin hieu phu 
de tim che do toi 
uu, noi chung la 
don gian trong thuc 

Hinh 3-26. 
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hien, nhung thdi gian tim cUc tri tiling ddi lau. Hdn ntia, khi b£n than dac 
tmh cue tri "troi" nhanh (nhu d he khoan tham do, khi sit thay doi dd ran 
cua d£t da qua nhanh) hdn la tdc do tim thi se khdng tim dUdc chd do tdi Uu. 

NgUdi ta thudng ket hdp vdi phudng phap giAi tich nftng cao chat 
ludng cua he thich nghi loai nay. 

III.2.4 D0NG HQC H£ CLTC TRI 

III.2.4.1. Phtrcng phap khAo sAt d6ng hoc h$ cue trj 

0 he cue tri dung tin hieu phu, trong qua trinh lam vi$c luon co dao d£>ng 
quanh cUc tri, ddi khi co dang phtfc tap. Dao dong ky cd th£ la tu dao dong 
hay dao dong cudng btfe. Dao ddng cung c&p cho hd thong tin ttfc v£ vi tri 
lam viec cua no doi vdi cUc tri. Chenh Ideh so vdi cUc tri do dao dong g&y nen 
d che do xac lap goi la tSn that tim. 

He cUc tri la he phi tuydn. Doi vdi nhCfng h£ nay, cd the dung c£c phuong 
phap kh£o sat dong hoc cac hd phi tuydn noi chung, nhu phudng phap mat 
phang pha hay phudng phap tuy£n tinh hda dieu hoa. 

Trong mot so trUdng hdp, kh4u phi tuy£n tinh cua d6i tudng cimg vdi cd 
cau xac dinh gradien noi tiep nhau, bu trh nhau v& he cUc tri tUdng dUdng 
vdi mdt he tuydn tinh. 

Vi du, khi dac tinh tinh y(x) cua d6i tudng cd dang: 

y =s bx 2 

Cd cau xac dinh gradien cd chdc nang xac dinh: 



dx 


Nhu vay tudng dUdng vdi hai khau nAy la m$t khau tuydn tinh cd he sd 
khuech dai bang 2b nhu tren h.3-27a va b. 

Trong thuc te, d trang that xac lap, hd \km vide d vung cue tri ndn cd 
the x£p xi dac tinh tinh y(x) vung gan cUc tri bang hAm bac hai nen giA thiet 
trdn la cd cd sd. 

Dac didm quan trong nda la trong vung cue tri tAn so cua tin hidu ra 
y(t) gap ddi tan s6 cua tin hieu tim d dau vao. Do dd khi dung phudng phap 
tuydn tinh hda di£u hda dS khAo sat, can quy d6i goc ldch pha theo quy tAc: 
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ifiuj) = 2 <p{— 


( 3 - 13 ) 


X 



y m 

d 

dy 

dx 





dx 



Vi rang, nhu a h.3-28, gdc l£ch pha cda dao dring cri t&n s 6 -r ddi vcfi dao 

dong cri tan so v) la <p((n) =~ ; con ngupc lai khi tinh gric cua qj so vdi y ta 
dung bieu thiic: 


sOJ v JZ 

<r(j ] =4 • 

Gric lech pha cua cac dao dong cri 
tan so la boi so cua nhau dupe xac 
djnh bang kho&ng c&ch ghn nhat 
cua hai dao dong cung chieu nhu 
h.3-28. 

Nhu da neu cl phan dau cua 
chUdng nay, do tac dong cua nhieu 
ngau nhien ma dac tinh cUc tri cua 
doi tupng cri the thay doi. Vi v4y 
can kh&o sat he thong khi cri 
tac dong cua nhieu ngJiu 
nhien. xac dinh thong so va 
cau true cua thi&'t bi diriu 
khien de he thong luon lam 
viec d che do toi Uu. 



Htnh 3-27. 


Nhieu cri the tac dring d 
dau vao hay dau ra cua doi 
tupng. Nhibu dau vao lam troi 
dac tinh cue tri. Nhilu dau ra 
lam cho chuybn dong cri the 
lac huring hay giAm do chinh xac dieu khien. 

111.2.4.2. Vi du khao sat h£ cue tr| 

Vi du /. Ifng dung phuang phdp mill pkang pha 

Hay kh&o sat he cUc tri grim cri: 

Doi tupng dieu khien: 




Hinh 3-28. 


(3-14) 
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dS 

T.— + S = v. (3-15) 
l dt 

Ccr cau eh£p hanh 

d y 

— = K^Z (3-16) 
dt 

Cd cau xac djnh 
gradi&n (dang tong qua!) 


Z = <W —') (3-17) 

W 



Hinh 3-20. 


Gradien co the xac 
dinh theo quy luat ty \e 
(quy luat tuyen tinh) hoac quy luat role (phi tuyen Hnh): 



dy 

dS 

dy 

Sig " (ds) ■ 


(3- 17a) 
(3- 1 7b) 



Ttr phudng trinh (3-18) va (3-19): 


T . 


d 2 S 

dt" 


+ 


dS 

dt 


+ 2K,K 2 S = 0. 


(3-20) 
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Quy dao pha cd dang nhi J d h.3-30. 
Neu KjK, be t.hi qua trinh mang tinh chat 
khong chu ky (dudng 1). Khi K,K 2 I6n, 
chuyen dong mang tinh chat dao dong 
<dtfbng 2). 

b. Truan^ h(rp phi luyen tinh 

*'(S) = s ^(%) (3 - 21) 

= sign(2K J S) = signS. 

Phifctng trinh (3-18) cd dang: 



d"S dS 

T.— + - - 4- K.signS = 0. (3-22) 

dt." dt 

Quy dao pha cd dang nhif t.ren h.3-31. Qua trinh luon la qua trinh dao 
dong 

Ca hai trifbng hop tren d£u d&n den trang thai can bang 6 cue tri. 


Vi du 2 

Hay khao sat. che do tu dao dong cua he cilc tri cd ca c£u ghi nhd ctfc 
tri. Tren h.3-32. doi t.ifong dieu khien gbm cd phan phi tuyen tinh cd dac tinh 
cifc tri S<v‘) va phan tuyen tinh vdi ham tuyen W^(p), Co cau do chenh lech 
cue tri ciin tj t.rigo la mot khau phi tuyen tinh, xac dinh hudng chuyen dong 
t.heo tin hieu ±u 

0 diem cifc tri, tan so cua tin hieu vao difrtc nhan doi, do dd tr£n h.3-32 
cd the xem phan phia trai lam viec vdi tan so ca bAn, con niia phia phai cd 
tan so gap doi, Cdc goc dich pha duoc tinh theo quy tdc (3- 13). Cac tin hieu 
S va y d tufa phia phAi co cA thanh phan mot chieu va xoay chieu. Cac thanh 
phAn tuyen tinh dong thdi lam nhiem vu loc va tin hieu d dau ra cua chung 

ia: 


... u> 

v = w,(j 2 )u _ = | W,(j %) | eWl<7 1 u.. 13-23) 

y_ - W,(ju,>S.. = | W,(jo>) | S_ i3-24i 


Trong do y^ va y^ la cac goc lech pha phu thuoc tan so w/2 va uj. 
Phuong trinh cua cac phan ttf phi tuyen tinh nhu sau: 
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(3-25) 

(3-26) 


S = - Kv 2 

u = - K^sign^ - x) , 

cl day: x = 2 l-> + x 2 = const, dupe xac dinh bdi ngtfOng tac dong cua khoa 
den K or h.3-23. D6i voi cac khau phi tuyen tinh, dung phUdng ph6p tuydn 
tinh hoa dieu boa. 



I 

I 


Hlnh 3-32. 

Vdi tin hieu vao: 


U) 

v_ = ajSin ~ t 

O dau ra cua kh&u phi tuyen co dac tinh cUc tri: 

s = - KvJ = - Ka 2 sin 2 ^ = - Ka, 2 ( 1 - 

trong do thanh phan mot chieu duoc xac dinh bdi S = = - 

af 

phdn xoay chidu S_ = K— cosuit. 


- cosuit j t 
Kaf 

—— , con thanh 


Song hac mdt qua khau phi tuyen thd nhat: 
Ka 2 

n 1 . / 71 \ 

S,_ = —sin(a>t + —). 


He so tuyd'n tinh hda didu hoa, phu thuoc vao bidn do aj la: 
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Ka, 


W, 


l u V = 


(3-27) 


Tin hieu u(t) co dang chd 
nhat vdi bien do K r neiv he so 
tuyen tinh hoa dieu hoa cua no 
ling vdi khau rdle 2 vi tri: 


W 


i 


, (a ,) = = 

7f a 2 

i3-28) 


Gdc a phu thuoc bien do a, 
dufde xac dinh theo h-3-33c nhtf 


sau: 

a 2 sin^ = x 2 , 

ilia 

x> = x - a 2 

nen 

x - a 
sin<* - - : 

A 2 

hay 

oda-,) = arcsin - 


x - a 



Cac bieu thtfc (3-23), (3-'24>, (3-27) va (3-28) cho phep ve sd do cau true 
cua he da tuyen tinh hoa nhtf d h.3-34. 6 day cac gdc dich pha da difdc quy 
doi ve tan so w ling vdi quy tac (3-13). 

Thong so chiia biet dnoc la a p a-,. Vi a p co lien quan nhau, ta quy 
doi ve mot bien do. 



Hlnh 3-34. 
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That vay. theo h.3-34, biGn d6 a 1 dirge tinh bdi: 

4K r 

a l = I W FT (a 2 ) | | W,(j f) | a 2 = — i W t ( j | . 

Ka. 2KK 

Til do Wp^a,) = = -j— | W,(j -) | 

Dieu kien de co dao d6ng Sn dinh la: 

(D 

I W,(j ~) I ei^l^ WpjCa,) | W 2 (ja.) I jeW") W Fr (a 2 ) = -1 
Thay th£ vao phiicmg trinh tr£n: 

2KK - m j, \ 

I W t (j^) | 2 e 1 2 | W 2 (jo,) | ^2<“) = - _ 

w pj(a 2 ) 

Neu dung d4c tinh tan ad tiicfng dildng: 


w td (» = 


2KK,. 

71 


thi dieu kien c&n bang di§u 
hba 14: 


w id ( i u,) = ■ 


l 

W^aj) 


De xac dinh t&n s6 v4 
bi£n do t\i dao ddng ta dung 
phtfemg phap do thi nhtf a 
h.3-35. Giao diem cua hai 
dudng cong cho ta thong so 
w* va a 2 * can tim (a^ va a 2 * 



lien quan nhau va da co bieu Hlnti 3 -sb. 

thtfc quy ddi tren), 


Vi du 3 

\ 

Hay xac dinh har^ sd thcJi gian tdi ifu cua bg loc trong co c&u tach song 
dong b6. He cue tri n£u d h.3-36a co d&c tmh: 

y = - f,) 2 . (3-29) 
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Nhn u f. la ngau nhien cd ham ttfdng quan: 


R r ,(i) = R,(0)e n 'l r ' 


Nhieu la bn tr4ng co mat dd phd: 
So(cy) = 


S o khi co > (O 2 


(3-30) 


(3-31) 


0 khi co < 


cu 


Cd cau tach song dong bo co bo loc L vdi ham truybn dat: 

w r ( P )= 1 


1 + pT 


Hang so thdi gian T cang ldn, nhieu f 2 duoc loc cang tot va sai lech do 
f 2 gay ndn cang be 
nhUng mat khac 
qua trlnh bam ciic 
tri ma fj lam troi 
dac - tinh cang 
cham va sai lech 
do f 2 gay nen lai 
cang lorn. Do do 
bo loc L cd hang 
so thdi gian t6i tfu 
can tim. Sd do 
cau true nhu d 
h.3- 36b. Doi 
tuong dieu khien 
vdi dac tinh y(x) 
va bo nhan cua cd 
cau tach song 
dong bo (TSDB) 
duac thay the 
bang khau tuyen 
tinh cd dac tinh 
dy/dx = f ( - x va 
the hien tr£n sd 
do khoi bang cd 



Hlnh 3-38. 


163 









cau so sanh(xem IH.2,4.1). B6 lpc la kh&u quan ttnh &nh hudng d£n qua trinh 
dong hoc va sd do khong co gi thay doi. Cd cau ch£p hanh (CH) 1& khau vi 
phan ly tpdng. Nhi£u f 2 da dupe quy ddi th&nh: 


f(t) = f 2 (t)X m sinw (l t, 

vi cd bp nhan trudc khi tin hieu vao bp lpc. Nhidu f(t) vln 1& on trAng, chi 
co mat do phd ty le vdi binh phuong cua biep do tin hieu tUa: 

X 2 

S >((;;) = -r-S n , khi cv > 0 * 2 * (3-32) 

X m 

vdi diieu kien at o < u> 2 . Thanh phan —- d hieu thuc (3- 32) th£ hien sU thay 

z 

doi cua mat do phd cua f\ khi nhan vdi tin hieu tUa X m sina» 0 t d co c£u tach 
song dong bo. 

Do Anh htfdng cua nhidu ma sai lech so vdi ciic tri e = fj - x mang tinh 
chat ngdu nhien, va ta cd the dung do tAn crj: lam chi tieu chAt lupng dd khAo 

sat. 

Vdi giA thiet cac nhieu f, khong li£n quan nhau, vA do t.An cua sai lech 
gum 2 thanh phan: f 

JiT) = rr = a 2 + a 2 , (3-33) 

d day fjy - do tAn do f ( gay nen hien tupng troi dac tinh cUc tri va a\ - dp 
tAn do f,. 

Dp tan rry ducfc xac dinh bdi dac tinh thdng cua nhi£u fj va ham truy£n 
E(p) 

W (p) = t TTTT theo bi£u thdc: 

M(p) 

1 30 

CJ* = — / I W (jto) I 2 S,(iu)d^, (3-34) 

71 0 


trong do, theo h.3-36b: 

... . Ml + j"T) 

W,(iw) = —- : - 

\io{\ + j«>T) + 1 

va theo (3-30) ta xac dinh: 


Sj(a>) = 


2Rj(0)a 

—-v 

ct + a>^ 


(3-35) 


(3-36) 
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Thay the ( 3 - 35 ), ( 3 - 36 ) vao bi£u thtfc ( 3 - 34 ) ta co; 
, 2 R,( 0 )a ' “ 


crt(T) = 


/ 


w 2 (l + oj 2 T 2 ) 


1 m I ? 


crr(O) = R ( (0) 


U [(1 - )" 4- tw*] ({j£ 4 tir) 

; Khi T = 0 , 


dtu; 


1 + 


rrj'(oo) = Rj( 0 )(l + 1 /<D; Khi T -* oo. 

Dac tinh fj^(T> nhif dddng cong 1 d h. 3 - 37 . Cung tddng tif nhtf tr£n ta 
xac dinh cr^(T): * 


, l * , 

cA — — J | | “ S>(addui 

n o 


( 3 - 37 ) 


ma 


E(j oj) 1 

W,(j oj) = --- = -- : - 

F (j<L)) ju>(l 4 jtvT) 4 1 


va S Jcu) dude xac dinh theo ( 3 - 32 ), tif do: 


Y* q 

ai( T) = m — 
2 2k 


1 


<» 2 a> 4r T 2 4 o> 2 (l - 2T) 4 1 


dcu, 


(A (Ok = 


XrS 


Khi T = 0 , oj-, < 1 , 


( 7<;(qo) = 0; 


Khi T -* t». 


Dac tinh 

a 2 m 

ddde bieu thi 

bang 

dddng cong 2 

tren 

h. 3 - 37 . 



Do t&n cua sai lech 
la tong cua 2 thanh 
phan (rnsr d ‘ h> 2 

i ! i ’ . a r i i > . 



Hint) 3 - 37 . 
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dudng cong 1 va 2 ta cd, dudng 3 tuong dng v6i cr^ Hang s 6 thdi gian tdi Uu 
cua bo loc xac dinh theo cUc tieu cua dudng 3 hay theo 


di&u ki£n 


III.2.5. M0T VAI LTNG DUNG H$ Cl/C TRI 

III.2.5.1. Hp cue trj dieu khi£n Rada [21] 

Nhu cj vi du 1 (muc III.2.1) cUdng dd y cua rada theo goc ta Xj va 

gdc phUdng vi x 2 cd cue tri la cUc dai khi dat cac thong s6 t6i Uu y max (x* , 
x 2 ) nhu d h.3-38. 

Vi tri cua gdc ta va gdc 
phudng vi dupe dieu khidn bdi 
hai d6ng cd M s va M az -tUdng 
\ing. 0 mfii k£nh d£u cd ph4n hOi 
cue bo dude thuc hien bang cau 
tdc dd v& bo loc cao tkn (C nS va 
L ts , va L fA ) nhu a h.3-39, 

TO hpp ph£t vh thu P - T ctia rada 
la bo gi&i dieu kep cd chdc nang 
nhu mot la-ban vd tuyen. 

BO gi&i dieu dupe tuy£n tmh H )nh a-38. 

hoa b4ng each cong th6m vao sai 
lech gdc e y mpt 
sai lech gdc phu 
dang hinh sin 
vpi bidn do 
khdng ddi, tan 
so 30Hz, dupe 
thuc hien bang 
dong cd cd toe 
dp 1800 vg/ph 
quay anten 
quanh true 
(h.3-38). T4n so 

^ Hlnh 3-38. 

quet nay rat ldn 
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so vfii gi4i thong tftn cua hd thong (be hdn 2 Hz). D6ng cd nay dong thdi quay 
mot -may phat tao nen hai dien ap ttfa cho hai kdnh. Hai didn ap V St va V AZ( 
nay dupe chon sao so chung bang khong’khi sai ldch vb goc t& va goc phuong 
vi bang khong nhu h.3-40. Tin hibu da dieu bien v6i tan so quet 30 Hz dupe 
qua bo tach song va loc (TS-L). Didn ap ra V la dien ap xoay chieu thn so 
30 Hz dupe dibu bien, xac dinh bfii sai lech goc c. Bidn do cua V ty Id vdi tri 
so tuydt doi cua sai lech goc e va pha, tiiy thudc vao dinh huffing cua goc sai 
lech trong khong gian. Dien ap nhy dupe so sanh vfii dien ap tua d bfi hoan 
dibu pha (HD) db’ co hai dien ap ty Id vfii hai thhnh phbn sai ldch ve goc ta 
va goc phUdng vi V s va V AZ . Chtfc n&ng cd c£u nay la cd cau tach song dbng 
bo vfii bo loc L A va L s d hlnh 3-40a.Cd c£u chuyen d6i thUc hidn chtfc nang 
ctfa bo nhan, thuc te la cd c£u chuyd’n ddi dien ttf (dupe thd' hien bang 2 rdle 
d£ dd hieu) dupe dieu khid'n bdi didn ap tua txi may phat cd dong cd keo ciing 
quay true an ten d£ tao tin hieu tlm ciing tan sfi d d'au vao. 



Hinh 3-40. 

6 moi kdnh, ph'an hoi cue bfi la ph4n hbi t6c d6 dupe tron vao nguon kich 
t\i cua may dien khudeh dai tiidng ling con ph&n hbi chinh la ph&n hoi ve goc 
dupe so sanh vdi vi tri thuc cua muc tidu trong khfing gian theo toa dfi cua 
gdc ta va goc phUdng vi. 
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111.2.5.2. He circ tri duy tri nhiet dd circ dai [10] 

Trong san xuat oo nhdng doi tUdng can gifl oho nhiot do oao nhat ihu 16 
luven kim, vi du 2 (muc 111.2.1), gddng mat tr6i (mac III.1.1). Sd do nguy£n 
lv cua he ctfc tri dieu khien nhi£t do nhtf & h.3-41. Ohu y rang nguyen ly noi 
chung khong thay doi trong khi cac ph&n de thdc hien ngay cang dtfdc 
hoan thien hdn. 

Biet rang nhiet do ngon Ida tuy thuoc vao ty le nhien li£u - khong khi, 
ma ty le ay vdi car nhien lieu khac nhau la khac nhau. He se xac dinh ltfdng 
khong khi luon toi du bang each thay ddi toe do quat. Viec tim che do toi du 
dtfdc thife hien theo tlrng chu kv bdi dong ho H va may phat xung FX lam 
cho bo tim bifdc TB quay, vdi toe do cham. Tiep diem dau tien cua bp tim 
bifdc se dong rdle R, sau dd, rdle Rj de chinh dinh toe do quat co tri so nhat 
dinh. Hong thdi ed cau nhd Nj ghi lai nhi$t do 16 vdi toe dp quat tUdng ring. 
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Khi bo tim budc quay, role R> d cd cau phi nhd N, phi Ini nhidt do cf che 
do khac cua toe do (tiep diem 2 run thny doi dong kirh tit run dong ca 
quay quat DC). Cu the qua trinh t.iep di^n va Jap lai. O h.d-41 rhi the hien 
3 muc chinh dinh, thUc te cd the nhieu han. 

Phan tu logic L se so sanh ear nhiet do da dupe ghi nhd (dudi dang dien 

r 

apt d eac cd cau ghi nho N va chon vi tri cd nhiet do cao nhat. Vide ay dupe 
thUc hien ngay sau khi bp tim budc da quay dupe mdt vdng va cd cau logic 
xae dinh ngay che do t.oi Uu cua quat gio. 

Sau mot thdi gian dinh trade tren dong ho H, chu ky tim cUc tri lap lai 
nhu trUdr. 

III.2.5.3. He cue tri duy tri nang suat circ dai cua 16 chung cat 
nirbre ngpt [21] 

He chUng cat nude ngpt co nang suat cUc dai dupe mo t& d h.3-42. 

Nang suat d day dupe danh gia gian tiep bdi he so p la ty so cua lUu 
lupng cua dong hoi q va ch£nh lech nhiet do giUa hai diem, trong ong dkn 
dung dich c&n chUng cat At. He so p> thay doi tiiy mdc dung dich H trong cac 
ong d£n> nhUng quan h£ nay con phu thude vao nhieu thong so khac nhu nong 



169 







do cua dung dich lUu lupng dung dich, nhibt d6 va luu lupng cua hdi nUdc 
v.v... nhu d h.3-43. 


6 h.3-42 nbu mdt phUdng phap duy trl n&ng su£t cao ctia 16 chung bbng 
phUdng phap tach song dbng bo. Mtfc H cua dung dich dupe do vA quan sat 
bang mot ong thuy tinh song song vdi cac 6ng thuy tinh trong 16 chung. M6t 
bo dibu chinh dibu khibn luu lupng cua dung dich nude quA d dau vao Q nham 
giit cho mure H ctia dung dich trong cac dng chtfa trong 16 chung khdng thay 
doi. Mdc chuan dupe thay ddi bbng m6t d6ng co DC. 


Db tao nen giao dong tim, mot d6ng 
cd con d quay co ebu cam c db tao nbn 
dao ddng cua luu lupng A d dau vao, dbng 
thdi mbt dao dong dibn ap thdng qua bien 
trd BT vao cd cau tach song dbng bo va 
d db.u ra, rdle R lam cho ddng cd cd 2 cu6n 
kich thich se lam cho H cd dao d6ng bH. 
Nhu 6 h.3- 13 tuy thu6c pha cua "tin hieu 
ra" p so vdi dao dbng quet a dau vao m6 
b6 tach song ddng bo danh gia va xac dinh 
hubng chuybn dong cua dbng cd DC, dbng 
thdi bp dieu chinh thay ddi mdc dung dich 
db n&ng subt p luon cure dai. 



III.3. HE GIAI TICH 

PhUdng phap gi&i tich de tbng hdp cac hb thich nghi dupe phat trien chdm 
hdn vb mat thbi gian nhung vdi t6c dq nhanh chong. Mac dii vibe thuc hien 
cd phurc tap nhung vibe dUa may tinh ngay cang hoan thi&n vao dibu khien 
cac «dbi tupng, cac qua trinh s&n xubt sb gop phbn khac phuc nhupc diem 
tren. Tuy vay, do chi tieu chbt lupng la ngUdi thiet ke ap dat va khi nang 
hbi tu cua angorit trong dieu kibn lupng thong tin ban dau thibu, con tiep tuc 
dat ra nhitng van db can gi&i quyet. 

Trong cac hb gi4i tich no'i chung cd ba qua trinh: tim hibu, tbng hdp va 
thuc hien. Trong qua trinh tim hibu, hb thong cd thb xac dinh nhufng khoi 
lupng tin tiic khac nhau vb qua trinh dibu khibn: ham qua do, ham trong 
lupng, dac tinh tan bien pha v.v... cd thb cho thong tin d&y du ve cac ddi 


170 


tUdng tuyen tinh. Trong thuc te, d£ xAy dung he th6ng, dfli khi chi c&n mot 
chi ti£u nao day nhu h£ so khuAch dai, hA s6 suy giAm, mdc dd dn dinh, tan’ 
so dao dong rieng, sai so tinh, v\ tri phan bfi nghiem s6 v.v.,. 

Theo nguyAn tAc xay dung, he giAi tich dupe phAn loai nhu sau: 

1- HA thich nghi dung tin tdc vfc cAc die tinh thn s6. Trong cAc h£ nAy 
cac dac tinh tAn bien pha dude do va tren cd sd Ay chinh dinh thong s6 cua 
ca cAu dieu khiAn. Thudc loai nAy con c<5 cAc h$ tu dao ddng mA h£ sd khuAch 
dai cua phan tu phi tuyAn bien ddi tiiy theo bi£n dd tu dao ddng. 

2- He thich nghi dimg tin ttic v£ dac tinh thdi gian. Trong cac h£ nAy 
chi ti£u chat lUdng cd thd la so lan dao ddng cua qua trinh qua dd hay ty sd 
cua tong cac tri so dUdng vA am cua hAm trong lUdng gian doan. Thupc loai 
nay con cd cac he dung mo hinh mAu de so sanh. 

3- He thich nghi dung tin tdc ve qua trinh d bidn gidi dn dinh. 

Trong cac hd nAy, mach phAn hoi lam tang dAn hd s6 khuAch dai cho 
den luc cd tu dao ddng, sau do mdt mach phu lAm giAm nhanh he so khuAch 
dai, tu dao dong m£t di. Qua trinh cd the lap lai. 

4- Hd thich nghi tdng hop theo phuong phap gradien. Trong cac he nay, 
chi tidu chat iupng dupe danh gia theo cUc tid'u ciia sai ldch gida dai luong 
dupe dieu khien vA tri so mong muon, la tudng chinh djnh ddpc xac dinh tren 
cd sd gradien cua ham chdnh lech Sy. Thudc loai nay con co cAc h$ xAy dung 
theo phUdng phap nhay cAm. 

5- He thich nghi tdng hdp theo phUdng phap Lyapunov. Ham Lyapunov 
dupe hinh thanh gida thong so chinh dinh vdi tri sd tdi Uu cua chung vA dao 
ham cua chdnh ldch. Sau do tit dieu kidn dao ham cua hAm Lyapunov Am mA 
xac dinh lUdng chinh dinh thdng so. 

B6n loai dau cd nhdng diem gidng nhau, do do dUdc ttfng hdp lai thanh 
phUdng phap Udc lUdng va theo [23], cac hd giAi tich dupe chia lam hai ldp: 

- Cac he giAi tich tdng hdp theo phUdng phap Udc lUdng va 

- Cac he giAi tich tong hdp theo phudng phap Lyapunov. 

Dudi dAy se ndu hai vi du tdng hop hd thich nghi giAi tich theo hai ldp 

nay 
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III.3.1. H$ GIAI TfCH XAY Dl/NG THEO PHLfONG PHAP TOAN Tl) PHg 


III.3.1.1. Trir&ng hap d6i tirpng xdc d|nh 

Tr£n h.3-44 


la so db khoi cua 
he difeu chinh 
thong thtfdng ma 
doi ttfdng da dtfdc 
biet day du ve cau 
true va thong so. 
Bo dieu chinh co 


e r 

W dc (p,oO 

u 

W dl (P,j3) 

y 











Hlnh 3-44. 


vec tcf thong so a 

cAn tif chinh dinh san cho he ludn lam viec toi ufu t.heo mot nghla nao do'. Chi 
tieu chat Ihong thirdng la ham cua sai lech . 


Jla> = fiei 

Hay cu the hdn. hai dang thtfftng dung la: 


(3- 38) 


Jl.ti = f(c> = > 2 e (3-391 

| M- 

Thong so cua bo dieu chinh: 

a 1 - [T n> T v , T,], nhtf d bi£u thiic Cl-33> hay b&ng 2 hoac: 

«' = IKuc T , TJ- 


Neu chi tieu chat lifting (3-39) cd ctfc tri (ciic tieu > thi to cd the cb angorit 


rhich nghi nhu sau: 
da dJ 

- = -y- . (3-40) 

dt da 

Thtfc vAy vl: 

dJ 

O di£m A - < 0, do do: 

da 


da 

-- > 0 va theo 

dt 

thcJi gian, a tang. 


7(oc) 



Hlnh 3-45. 
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dJ 



diem 

B 

_ 

> 0 

do do: 



da 





da 





_ 

< 0 

va theo thdi 



dt 





dJ 


da 

die m 

C 

_ 

= o, 

- = 0, 



da 


dt 


6 angorit (3-40) co the My tri so y - const. Chi tieu ch&t ltfong (3-38) 
phu thuoc sai lech e ma sai lech lai phu thudc thong so a nen angorit (3-40) 
co dang 

da OJ f)e 

- = - y - . - (3-41) 

dt Oe Da 

Theo so d'6 h.3-44, ta cd th£ viet: 
e = x - y, 

Oe Ox Oy 

da da Da 

x la tin hieu vao, a thay doi khong lam thay doi x, do do (3-41) cd dang: 


da Of Oy 

= y 


dt Oe Da 

Cung theo so do h.3-44: 

y<p) = E<p)W ilc (p, «)W d ,(p, P), 

il y i')e aW, (p, a) 

— = W, c (p, <«tW d ,(p, 0) — + W dl (p, P) -^- e, 

Da Da da 


(3-42) 


Oy , OW. (p, a) 

— = [1 + W dc ( P> a)W d( (p, ft) r'W./p, P). --- e 

Da Da 


(3-43) 


Thay the (3-43) vao (3-42) ta cd: 
da Of 

— = y -G(p, a, p)e, 

dt Oe 


(3-44) 


ma G(p, a, p) = [1 + W dc (p, a)W dt (p, p)) — .W d ,ip, /<> (3-45) 


Da 
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Sd do thuc hien 
angorit (3.44) cho 
trdn h.3-46. G(p, a, f}) 
la toan tvr phu th do 
cd tdn cua phifdng 
phap nay. Trong 
toan tuf phu cd thong 
so ft 14 vec to thong 
so ciia doi tuang da 
biet. Vec td thdng sd 
a la vec td thong sd 
cua bo didu chinh 
nen cd nidi lien he 
gida a d bo dieu 
chinh va ad toan trf 
phu G. Thtfc te cho 
th4y, de ddn gi4n 
hoa mo hinh [15] cd 
the cd dinh hda 
thong so a m a 
angorit van hoi tu. 

Bo dieu chinh 
trong trildng hdp 
nay la bo dieu chinh 
thich nghi. Tren 
h.3-47 la sd do 
nguydn ly cua mot bd 
dieu chinh PI dien tii 
lien tuc vdi ham truyen: 

W*(p) = 


1 


P , °(//3) L *—- 


df_ 

de 


1$ 


r 


a 






U 


W 


f dt ( P'/ 3) 


U u 


H)nh 3-46. 




c 



r 


Hlnh 3-47. 


(T 


np + I 


ma 


■P 


T n = R l C |K mn U vn , 

T , = R o C K mi U vj , 

K mn va K^j la he so cua cac bq nh&n. 



HI- 


*— 1 - 



^rrt ^ 

7L 
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Jtt) = <pM = 


(3-46) 


Tin hi£u dua vao la di6n ap U vn v& U vi cho n£n khi dung b6 di£u chinh 
lien tuc, angorit co the dupe thuc hi£n tren may tinh, thfing qua cac b6 bidn 
doi AD vk DA hay cac linh kien di$n tif. B6 difcu chinh thich nghi so DR-24 
(Siemens Company) co phan mfein lap trinh theo PLC. 

III.3.1.2. Truing hap d6i tirong chtra x6c djnh 

Khi thong s 6 cua dfl'i tupng yS 
chUa biet hay thay ddi, hoac ngay ck 
cau true cua ddi tupng chua xac 
dinh, c£n thuc hi£n viec nhan dang 
doi tupng. Bang phUdng phap dung 
mo hinh song song, co cau true cho 
trUdc W (p, A), vec to th6ng so cua 
mfl hinh A se dupe chinh dinh theo 
phudng phap gi&i tich nhU tr£n. Chi 
tieu chat lupng nhan dang dupe 
danh gia theo: 

r >2 



vefi r = y - y m la sai lech gitfa tin 

hieu ra cua doi tupng y va tin hieu 

ra cua mo hinh y . 

J m 

Angdrit thich nghi co dang: 


Hinh 3-48. 


Theo h.3-48: 


ax 

~dt 

de 

dX 


dJ 

~dX 

dy m 
J m 

dX 


= ~V 


d<p 

d£ 


de 


dX 


(3-47) 


y m (p) = u(p)W m (p, X\ 


dA 


0W m ( P> A) 
dX 


u. 


Cuoi cung angorit (3.47) co dang: 

dA d<p dW (p, A) 


dt ^ df ^ 


dA 


(3-48) 
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So do thtfc hien angorit. (3-48) nhu d h.3-48. Khi doi tiiong chila xac dinh 
thi toan t\i phu <3-45', thay vi mo hmh W d| (p, fi) ta dimg mo hinh W m (p. a). 
Khi k£t hdp nhan dang vdi di&u khien (he thich nghi gian tiep [21]) so do 
khoi dtfdc xay dung tren cd scr ghep ndi sd do tren h.3-46 va 47, trong do con 
co nidi lien he gida vectd X va toan t.d phu G(p, a , X) theo (3-45). 


III.3.1.3. Vi du 

Phddng phap loan Id phu difdc ap dung de mo hinh hoa m6t qua trinh 
nhan dang ma doi ttipng la mot khau quan tinh: 

W Jl( p> = 

va mo hinh co cung eau true; 

K 

W (p) = -. 

m 1 + Tp 

Nhu vay thong s 6 toi Uu cd th£ dude danh gia trude d£ so sanh la 
K* = 1, T* = 1. 

Tren h.3-49 cd cac dudng cong y(t), y m (t), K(t) va Tit). Tin hieu vao 
ult) (h.3-43) dang chu nhat, sau mot lan ddi daku va qua trinh nh&n dang 
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ket. thiic 
nghia la cac 
thdng s 6 K, T 
cua m 6 hinh 
da bang tri s 6 
toi itu K* = 

T* = 1 vdi tri 
so ban dau 
cua K - K n 
= 2.6 hinh 50 
co quy dao 
bien ddi cua 
K, T vdi 
nhtfng dieu 
ki&n d&u K (> 
khac nhau. 

Tat c& d'eu 
hoi tu ve tri 
so t.6i Uu K* 

= T* = 1 d 
goc t'oa dp. 

Chi tieu chat luting dupe chon la; 

J(K, T) = 
d</* 

va - = e d bi£u thufc (3-47) 

de 

III. 3.2. H$ GlAl TfCH XAY DUNG THEO PHUONG PHAP LYAPUNOV 
TRIJC nep 

Ham Lyapunov V dupe hinh thanh dudi dang sai lech cua dao ham va 
chenh lech giua thong so chinh dinh vi va tri s 6 t 6 i Hu cua no a.*. Sau do l£y 

dV 

dao ham theo thcri gian cua ham Lyapunov. Tit di&u ki 6 n dao ham am - 3 — ma 

at 

xac dinh cac phuong trinh dong hoc chinh dinh thdng s 6 a. . 

Vi du vdi he thong can chinh dinh cd thong so a s va mo hinh mau co cac 



Hinh 3.50. 
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th6ng s6 a* tr£n h.3-51. 6 d&y, tin hieu ra cua md hinh m£u \k y o iNguo- 
lai n£u y o la tin hieu ra ctia ddi tupng, y la cua mo hinh thich nghi, ta trd v£ 
bai toan nh&n dang nhu d h.3-48). 



Phuong trinh cua mo hinh mau va cha doi tudng tuang ling nhu sau: 


(p n + a 2 *p n _ , + . 

+ “n + D v = <V X 

(3-49) 

(p n + a,p n _ , + 

■ + « n+ ,)y= «,* 

(3-50) 


Theo h.3-51; e = y - y, Thay y = e + y vao (3-49) dua e sang v£ trai, 
sau do cong va trir v£ ph&i vdi (3-50) ta cb; 

(p n + « 2 *P r 1 + -'■ + <* n + l*) e = 


= - «j)x - {aj - a 2 ^P n V - ■■■ -(<* n + i* ’ a n + 1^ (3-51) 


Dat z 1 = e; 2 > = 2 , 

= P«. 


^ = z 2 

= P v 


z n + 1 = 

i n = p" e 


ta cd i„ = 2 nM = P n e =- 

a 2 z n - *S*n - 1 

- - - <^ z i + 

+ 

S' 

— * 

>T 

j ■* 

■ Vy- ■ 

■ - (<r n + + 


Ham Lyapunov dupe chon lirdi dang: 


•V 1 

V = z llz f V 


(tt - a Y 


(3- 53) 


1 = 1 

Ttf bieu thiic dac imh d i3-5l) lap nia tran Hec mit: 
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«2 < < o 

H = 1 0 

0 a* 0 

0 0 0 a ; +l 

Neu dat S = e(«; P " ' 1 + ajp" " 3 + «,>" 


thi 


dV 

- -Z-2S- 4- 2Sr (a* - a.)x - b 

dt. ' 1 


. i n 1 

a .* i p y 




+■ l 


n I 


)y] + 


n+ I 

2 V 
i="t 


(a* - a ( )p(a* - a t ) 


(3-54) 


(3-55) 


(3-56) 


ci day y r .... v n * { la ca c. he so 

z' = [Z r z,, .... Z n ] 
dV 

Tit (3-5b) de dao ham — Am ta eb the chon cac phuong trmh dAng hoc 
chinh dinh c:ic thong so nhit snu: 


dt 

da ; 

dt~ 


= - y iSx, 

“ Yi b p : 


(3-57) 


da 


ri 


dt 


y n Spy, 


da 


n + l 


dt 


= y n + i s y- 


Khi cac he so deu ddcfng, doi tifong 6n dinh thi ham V la xac dinh dUdng 
va he se on dinh vcti moi tin hieu vao. Sd do mach chinh dinh thong so a t 
(i = 1, 2, ..., n + 1) dude the hien d h.3-52. 

Ham Lyapunov co the co dang khac nhau non cd the co nhieu dang khac 
nhau cua mach chinh dinh thong so a ( . 
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Hinh 3-52. 

lift.4. PHITONG PHAP TONG QUAT DE KHAO SAT 
CAC HE THICH NGHI 

111.4.1. ANGORlT THiCH NGHI 

Trong cac vi du tren ve he thich nghi - h$ ctfc trj cung nhuf he gi&i tich, 
chiing co nhutng diem chung. Do la stf ton tai cu the hay khong cu the cue 
tri theo mot chi tieu chat ItfOng, va d didm etfc tri ay, gradien theo thong so 
bidn doi hang kh6ng. cac he gi&i tich, s\i hinh th^nh chi tieu chat IlfCng 
duroc thtfc hien tren ca sd cua sai lech gififa hai dai ludng ma d cuoi qua trinh 
thich nghi, sai ldch ay la nhfl nhat theo mot nghia nao do. Cac he thich nghi 
phong phu va da dang, do do viec tong quat hoa [34, 35] la can thiet [21]. 

6 bai toan tien dinh cung nhtf ngau nhien, ltfang thdng tin ban d'au la 
tuong doi day du. Trong he thdng, ngoai c£u true va thdng s6 cua no, cac tin 
hieu vao dtfoc biet hoac cu thd* nhu d he tidn dinh, hoac difdi dang cac dac 
tinh thdng ke nhu tri so trung hinh, mat do phan bo, mat do pho v.v... d he 
ngdu nhien. Phuong phap gidi bai toan tidn dinh la dua vao bieu thtfc Parseval, 
gidi bai toan ngiu nhien - dua vao bieu thuc Wiener - Phillips. Cac phUdng 
phap nay deu la phUdng phap gidi tich. Doi vdi he thich nghi, khi ludng thdng 
tin ban dau khong day du thi phUdng phap thich hop lai la phtfdng phap 
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angorit. 

De ph4n biet hai phitdng phap nay, ta 12y vi du v'6 mot he bac hai (1-14): 


d ‘y , v d y 

7 ^ + 2tw -7r + o; - y = ,JJ "*■ 

vdi tin hieu vao la ham bac thang ddn vi: 

1 t > 0 

x (t) = 

0 t < 0 


v 0 (t) = 1 


(3-58> 


CO, 


p 2 + 2 + 




y T 


(-) 


Hlnh 3*53. 


Do la trtfdng hop cua 
he dieu chinh. 

Theo h.3-53: 

e(t.) = y t /t) - y(t). 

Thay the y(t) = y n - 
e(t) vao bieu thtfc (3-58) 
ta no: 


d 2 e(t) 


de(t) 

- + o>. v *e(t) — 0 


13- 591 


dt- dt 

Thay the bien thdi gian t bdi: 

r - o) ( t. 

Bieu thiic (3-59) co dang: 

d 2 eU) de(r) 

— + 2£ —-— + e(r) = 0 . 


dr 


dr 


(3-60) 


Chi tieu ch£t luong de xac dinh h6 sd suy gi&m £ t6\ uu dirac danh gia 
theo: 


J(£) = S e 2 (r)dr. 

0 

Vrh dieu kien cua bai toan ta co: 

y(0) = 0 e(0) = 1 

yiO) = 0 e(0) = 0 

Nh&n vcfi e(r) va lay tich phan (3-60) ta co: 


(3-61) 


/ e(r)e(T)dT + 2 £ f e(i)o(r )dr + / e^(T)dr = 0 
0 " r» t) 


(3-62) 
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Lai nhan vdi eu) va lav tich ph4n (3-60): 


/ e(T)e(7)d/ 4- 2£ J e : (r)dT) + / e{r)e(T)di 
n ‘ i) 0 


= 0 


Tinh cac hoh phan: 


3 C QC J =0 

/ e( 7 )e(t)dr = / ede -—— 


e 2 . o 


0 ( 0 ) = ] 


2 ] 


(3-63) 


(3-64) 


^ of X )=() 

/ ei7)ptr)dr = / cdc = 0. 

il Of0) = 0 


(3-65) 


J‘ e(Me(r)d7 = e(r)e<T) | 

0 I) 4) 


f e^(T)dr. 


(3-661 


Dimg ky hieu J, — / e 2 (i)d7, bieu thde (3-62) co dang: 


J. - 'C + -1 — 0 Vi (^r'p(r) 1 = (J, 


bieu thiic (3-63) co dang: 


21-J, - , = " 


Do do, cudi cung ta co: J(J) = J +—- 

41' 


(3-67) 


dJ 1 

va 1* xac dinh beti:-= 1 - -- - 0 

al 4C" 

ta co = — = 0,5. Ket qua tudng ling vdi trirdng hop c d h.1-5 (1.2.1). 

6 bai Toan thich nghi, khi lifting thong tin ban dau la khong day du nv 
ta (3-67) khong the co, nen dimg phdting phap angorit la phuemg phap bi£n 
bai toan tmh ndi tren thanh bai toan dting. 

Gi4 sijf neu ton tai mot ham f(c^ co ciic tri nhu d h.l-54ciing gradien f (e> 
oua no thi angorit: 


do 

-= -y(t)f(c) 


(3-68) 


se din den trang thai tdi iru cua he. 
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That vay neu trahg thai 
lam viec cua he ting v6i didm 
dc 

A: f A (c) < 0, — > 0 va e tang 

theo thdi gian, hudng ve tri so 
c*. NgUdc lai d diem B: f u (c) 
dc 

> dt < ® c d© tien 
den tri s6 c\ 

Cudi cung a di€m C: 
„ de 

r c (c) = 0, ■“ =0 nghia la c 

= c* = const: d diem cUc tri 
(cite tieu) cua f(c) chuyd'n 
dong se ket thuc. 



6 angorit noi tren, dau (-) dng 
vui f(c) cd cite tri la cite tieu, ngUdc 
lai, dau (4-) dung cho trUdng hop 
cUc tri la cUc dai. 

Theo h.3-54b, y(t) ;cac dinh tri 
s6 tang «. Neu y cd tri so be, qua 
trinh chuyen dong den tri so toi Uu 
chain, ngUdc lai, y Idn, qua trinh se 
nhanh va khi y qua ldn se cd che do 
dao dong nhu mo ta 6 h.3-55. 



Dieu kien toi Uu tUdng ufng vdi f (c) = 0 cd the mo t& bdi: 


c = c - yf(c). 

Cho c tri so ban dau c — c n ta cd tri so ke tiep: 

Cj = c 0 - /|f(c n ) va tUdng tU 

c 2 = c i ‘ 


r n = c n-l - y n f < c n-l>‘ 

Neu dieu kien toi Uu dude thoa man thi 

lim c n = lim c[n] = c* 

Tl-» oo 


■v, 


n^oc 





(3-69 


Va angdrit tdi tfu dang gian doan la: 

c[n] = c[n - 1] - y[n]f (c[n - 1]) 
hay dudi dang phddng trinh sai phan 

Ac[n - 1] = -y[n]f(c[n - 1]) (3-70) 

So do khdi thdc hien angorit gian doan nhh d h.3-57a: 


Bo tich ph&n gian doan dtfdc 
thtfc hien bcfi phan tii tr§ T va co 
cau cong nhu d h.3-57. 

Nhtf cf h.3-54b vk 55, tuy thu6c 
vao y[n] ma angorit co th£ hoi tu 
hay khong hoi tu (khai niem v£ hoi 
tu ttfdng dnong vdi khai niem v£ on 
dinh). Do do, cac dang khac nhau 
cua y[nj hay y(t) tudng tfng vdi cac 
phufdng phap khac nhau de gi&i 
phucmg trinh dang f(c) = 0 theo 
phUdng phap lien tiep gan dung. 




0 ) 


Hlnh 3-57. 

Vi du, de- tim nghieni cua f(c) = 0 co the ditng ham: 

flc(t» = f(c(0))e^ (3-71) 

va c(oo) = c* 

L&y dao ham cua (3-71): 

d d , 

— f(c(t)> = -e^f(c(0)) # 

dt dt 

dc(t) 

f”(c(t)> - = - f\c(0))e M , 

dt 


*V 








—- = - -r(c(t» 

dt f > (c(t)) 

(3-72) la angorit Newton dang lien tuc vdi: 


(3-72) 


next)) 

Bien dang cua angorit Newton con co: 


(3-73) 


r(cco» 


f<c(t)), 


(3-74) 


y(t) = 


f M (c( 0 )) 


De tim nghiem cua f(c) =0 con co th£ dung ham: 
f(c(t)) = f (c( 0 ))(l - t\ 


c(l) = c* 


(3- 75) 


(3-76) 


f'CcCt)) 



L£y dao ham 2 ve cua (3-76): 
dc(t) 

r(c(t))- = - f( c(0)\ 

dt 


r*(c(t)) 


f(c(0)> (3-77) 


Hlrth 3-58. 


Do la angorit lien tuc vdi thdi gian xac 
dinh hufu han. 

Oik sCf ham muc tieu co dang: 

J(c) - f(c) = (a - c ) 2 -* min (3-78) 
Ta co the dung angdrit Newton bien 


dang (3-74) de giai. 


Dieu luen tdi iiu cua (3- 74) la: 

f (c) = - 2 (a - c) = 0 , 
f’(c) = 2 . 

Angorit Newton bien dang (3-74): 


(3- 79) 
(3-80) 


- f-2(a - ci), 
2 


+ c(t) = a. 
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c(0) = 0, 

c(t.> = a(l - e"‘). (3-81) 



Nhtf ducfng 1 tr£n h.3-59. N£u dung 
angorit (3-77) ta cd: 

f(c(0» = - 2a theo (3-79) 
f”(c<0)) = 2 theo (3-80) 

" dc(t) 1 

Do do - --(- 2a) = a 

dt 2 

c(0) - 0, 

c(t) = at; c(l) = a (3-82) 

theo dtfdng 2 tr6n h.3-59. 

Trong triicJng hop vectd, chi ti£u chat 
litdng cd dang: 


J(c) = f'(c) = f(c J} .. M c N ) -► min 
Thi dieu khien toi Uu la: 


(3- 83) 


... c N ) 

;jc k 

hoac dudi dang 


df(c) 

- = 0 

ac K 


Vf(c) = 


r)f(c) 

&c \ 


f>f(C) 

< )C N 


(K = 1, 2, .. N) 


f (c) = 0. 


Do la dieu kien can. neu chi co m6t cue ti£u thi la dieu kidn csln va du. 

V 

D£ xac dinh vecto toi tfu c* ta dung phuong phap angorit: 

Ac(n - l] = c[n] - c[n - 1] = -r[nlV f (c[n - 1]), 
hay cln] - c[n - 1] - T[n]V f (c[n - 1]) (3-84) 

vdi dieu kien d&u c[0] = C n 
cho trudng hop gian doan hay, 
dc 

—- = - Rt) V f (c(t)), (3-85) 

dt, 

vdi dieu ki£n dau: c(0) = c n cho trtfdng hdp lien tuc. 

Trong triidng hop chung: 
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/'] 1 

Y 12 

Y In 

>'21 

Y 22 

Yin 

Vni 

’/N2 * 

*/Nn 


Khi difbng dong mric J(c> = const co 
dang hinh khe (h.3-60> chang han, can 
dung ma tran T dang toan phan thay vi 
ylt) bien doi tuyen tinh true toa do, de 
ddbng dong mute co dang dtfbng cong dong 
tam nhu h.3-61. Ma tran r cd the la ma 
Iran cheo: 



Hinh 3-60. 


0 o 

0 / 2 . 0 

r = . (3-87) 

0 0 ■ y N * 

C N 

Tuy thuoc vao vi6c chon toa do gdc 
ma (3-87) cd the bao gum cA (3-86). 

T = A;'. 

Trtfcmg hop rieng: 


r = I v 



Vi du, vdi N = 2, tnlcmg hdp (3*86): 

Angorit (3-84) dang vecto, gian doan 

<)f(c[n - 1]) 

qtnj c,[n - 1] V\[M 7| 2 ln] - 

r)C | 

= - L (3-89) 

,)f(c[n - 1]) 

c 2 [n] c 2 [n - 1] / 2 iM r22l"l -- 

dCn 

t- 

hoac: 
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a) 

Hlnh 3-62. 

Til nhtirng dieu da neu tren co nhtifng v2n de dat ra d6i vdi viec giAi bai 
toan toi au theo phUdng phap angorit: 

1. Xac dinh chi tieu chat ltfqng (3-83) va dieu kien han ch£ neu co. D£y 
la bade rat quail trong, chi£m 60% kh6i ltfdng cong viec [34], Luu y la d each 
dat van de vdi bai toan toi Uu tren, ta co he co lap y angorit khong co moi lien 
he vdi hen ngoai (xem h.3-62), moi thong tin d£u da bi£t. O he thich nghi, 
dang tong qua! hon vi nguyen t4c thich nghi la "stir dung thong tin trong qua 
trinh lam viec de bu dap cho ltfong thong tin ban dau con thieu", 
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2. Btfdc thtf hai la xac dinh dieu kien toi Uu 

Vf(c) = f(c) = 0 
3 Xay dung angorit toi viu t.heo: 

dc 

— = - r<t) Vf(c(t)), (3-94) 

dt 

c(0) = c n . 

cho tracing hdp lien tuc hay: 

c[n] = ctn - 1] - T[n] Vf(c[n - D), (3-95) 

c[0] = c„ 

cho trtfbng hdp gian doan. 

San do, kh&o sat dieu kien hdi tu cung nhn xac dinh so do thdc hien 
angorit. Dudi day se tong ket cac btfdc dS neu tren doi vdi he thich nghi. 

Budc 1. Xac dinh chi tieu chat lutrng hi thich nghi 
Dang tong quat cua chi tieu chat luong nhvr sau: 

J(c) - J' Q(x,c)p(x)dx = Mx{Q(x,c)} , (3-96) 

X 

va dieu kien han che dang: 

g(c) = Mx{Mx,c)l) < 0 (3-97) 

d day x - vecto trang thai 

c - thong so can xac dinh, 
p(x)- mat do phan bo cua x, 

Q(x,c)- "phan thuc hien” cua ham muc tieu - trong trudng hdp tong 
quat Q(x,c) khong the thUc hi£n difdc bang bieu thiic toan hoc ma chi do 
duoc. 

Bi£u thric (3-96) va (3-97) la dang tong quat vi: 

- 6 trtfdng hop tfen dinh p(x) = d(x) va ta co bai toan tien dinh 

J(c) = Q(0,c) # -* min, 

c 

g(c) = h(0,c) < 0 

nhu d cac vi du trtfdc, chang han bidu thdc (3-67) 

- O trtfdng hdp ngitu nhien p(x) da biet va 

J(c) = M(Q(x,c)[ min, 
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g(c) = M{h(x,c)} < 0. 

co the duor tinh toan va J(c), g(c) dupe gifti theo bai toan ngau nhi£n nhu d 
muc U.2 

- 0 bai toan thich nghi, p(x) ton tai nhung khong biet dupe. Chi tieu chat 
lupng va dieu kien han che khong th£ xac dinh dupe hoan toan dudi dang cac 
bieu thtfc toan hoc nhu d hai truong hop tr§n, do do chi co khh nang t&i Uu 
fwa him can. Do do he thich nghi gan lien v6i t£n "he hoc". Muc tieu cua hoc 
la xac dinh cUc tieu cua chi tieu chat lupng da dupe hinh thanh mdt each 
khong ‘'lp”. Bang each quan sat x ma tim thong so c sao cho J(c> = M{Q(x.c>l 
dat cue tieu. ThUc ra, hang phuong phap hoc co the xac dinh mAt do phan 
bo p(x) roi til do co bai toan ngau nhien, nhung neu vay, se ton nhieu t.hcJi 
gian de xac dinh luat phan bo p(x) ma sau do, khi dung phudng phap ngau 
nhien de gifti thi p(x) da they doi roi. 

Nhu vay nhi€m vu r ua dieu khjen thich nghi la xac djnh c ~ c* cUc tieu 
boa phiem ham (3-96) vdi dieu kien han che (3-97) trong khi khdng biet dupe 
eft «Jic> va g<c) ma chi hftng quan sat Q(x,c) va hix,c>- 


Budc 2 Xac dinh dieu kien ini uu 


Muc tieu cua bai toan hoc (hay dieu khien thich nghi) la tim cUc tieu cua 
phiem ham 


min J(c) = min M (Q(x,c)} . 

c c 


khong phai bang phuong phap true tiep ma bftng qua trinh hoc, qua trinh toi 
Uu hoa tiem can. 

C bai toan tien dinh va ngau nhi£n chi tieu chat lupng toi Uu «J(c) va 
dieu ki6n han chfe deu cd dang r6 r6t. Neu phi£m ham J(c) cd dao ham thi 
no se dat cUc tri (cUc dai hay cUc tieu) veri cac tri sd c = (Cp c 2 , c N ) ma 


N dao ham rieng 


f>J(c) 

0c t . 


(v = 1, 2, ...> N) dbng thdi bang khong hay noi each 


khac gradien cua phiem ham: 

ilJ(C) fJj(c). 

VJ(c) = ( -, - ) = 0. (3-98) 

V /)c, f)c N ' 


bang khong. Dieu kien (3-98) la difeu kien can. Vi6c xac dinh di£u kien du se 
phufc tap va nhieu khi khong can thi£t. Thong thUcfng til dieu ki£n bai toan 
cd the xac dinh cUc tri la cUc dai hay cUc ti£u. TrUdng hop nhieu cue tri, xac 
dinh cue tri toan bo la bai toan cang phufc tap (da de cap d muc lit. 2.3.4) 
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O bai toan thich nghi theo chi tieu chgt ltfcmg (3-96) thi di£u ki$n toi uu 
<3-98) co dang; 


VJ(c) = Mx {V c Q(x, c)[ = 0 


(3-99) 


V c Q(x, c) = ( 


)Q(x,c) t)Q(x,c) 


(3-100) 


O (3-99) ta khong bi£t gradien cua phidm ham VJ(c) ma chi biet “thUc 
then" cua no. 


Bicdc A ay dung angorit thick nghi 

Bang each chon ma tran T(t) hay r[n] phu hdp ta cd th£ suf dung cac 
angdrit d he toi Uu d£ cd angorit thich nghi sau khi thay thd gradidn cua 
phiem ham VJ(c) bdi gradien cua cac "thuc hidn" V^Qix, c). 

Vi du, angorit thich nghi lidn tuc cd dang sau tit (3-94): 


* dc 

- = _ nt) V c Q(x(t), c(t)), (3-101) 

dt 

e(0) = c 0 . 

va angorit gian doan (theo 3-84): 

c[n] = c[n - 1] - r[n)V c Q(x[nl, c[n - 1J) (3-102) 

c[0] = c 0 
hoac ducti dang sai phan: 

Ac[n - 1] = - r[n] V c Q(x[n], c[n - 1] (3-103) 

hay duoi dang cua tdng: 

n 

c[n] = c[0] - V r(m) V c Q(x[m], c[m - 1]) (3-104) 

m= l 

Luu y la trong trudng hop cua he thich nghi khi c = c*: 

V c Q(x,c*) * 0. (3-105) 


Do dac diem nay ma can cd cac dieu kien nhat dinh doi vdi T[n] se no'i 
den sau. So do khoi de thtfc hi£n angdrit (3-102) nhU d hinh 3-63. So sanh vdi 
h,3-62b, su khac nhau la d cho trong trudng hop sau, de xac dinh gradien 
cua cac thuc hien V c Q(x,c) can cd thdng tin trong qua trinh l^rn viec bu cho 
lucing thong tin ban dau con thieu. Lupng thong tin ay tu trang thai x cua 
he thong. 
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So sanh (3-101) vdi (3-40), (3-47) ta thay (3-101) la dang tdng quat. 
Trong trtfcfng hdp cu th£ T(t) d (3-40) hay (3-47) \h nhufng tri s6 hang: y s rj 
va vectd thong so c = a trong triidng hdp dau va c = X d trifdng hdp sau. 



Hinh 3-63. 


O he cite tri co tin hieu tim, ta co the mo t& gradien cua phiem ham ch&t 
Iddng dufdi dang: 


V c= Q(x, c, 


Q + (x, c, a) - Q.(x, c, a) 


ma Q + (x, c, a) = (Q(x, c + aej), Q(x, c + ae N » 

Q_(x, c, a) = (Q(x, c -ae^), Q(x, c -ae N )) 


(3.106) 


(3-107) 


e v la vectd goc Trong trddng hdp giin ddn : 

e t = (1, 0, 0); e> = (0, 1, 0); e N = (0, 0, 1) (3-108) 

Ung vdi angorit gian doan (3- 102) angorit cua h£ co tin hieu tim co dang: 
c[nj = c[n - 1] - y[n] V c ± Q(x[n], c[n - 1], a[n]) (3-109) 



Hlnh 3-64. 
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l/dc ltfdng xap x'i (3-106) trong trdbng hop nay dtfdc thuc hien b^ng'cd 
cau tach song dong bo. Nhu da neu d muc IEI.2.2,phan III tin hieu tim co the 
co dang bat ky, 6 d&y, dang song chii nhat d£ d£ mo t& va quan sat. Sd do 
he cUc tri cd tin hieu tim da nghien ctfu dtfdc mo t& tong quat nhir d h.3-64. 

6 phtfdng phap tach song dong bo, d&u ra cua bd loc, cd V cH _ Q(x, c y a). 
6 trtfdng hdp nay b6 chuy£n doi lan lddt tao nen cac bi£n c ± ae k va thanh 
phan V c± Q(x, c, a). 

III.4.2. OlfeU Kl£N H0I TU CUA ANG0RfT THfCH NGHI 

Khai niem ve hdi tu cd: 

1. Hoi tu theo luat phan bo con goi La hdi tu Bernoulli: 

c[n] -*■ c* ndu mat do ph&.n bo c[n] tien ddn mat do phan bo cua c 9 
(vdi cung t.ri so trung binh). 

2. Hoi tu theo xac suat: 

cln] -» c* neu 

Lim P < |c[n] - c* [ > fc > = 0 (3-110) 

n^> sc 

3. Hoi tu vdi xac suat b4ng mot: 

c[n] c* neu: 

P {| lim c(n] - c*| = 0 } = 1. (3-111) 

n ■ ^ c£> 

4. Hoi tu qu£n phddng: 

c[n] c* neu: 

lim M { | c[n] - c* | 2 } = 0. (3-112) 

n^oc 

Hoi tu quan phddng lien quan vdi viec tinh momen bac hai, gi&n don, va 
mang y nghia ve nang lddng. Do do ttfdng doi pho bien. 

Vi c[n] la veetd ngau nhien nen hoi tu cua c[n] d£n c* cung la qua trinh 
ngiu nhien. Hoi tu cua angorit thich nghi tuong ductng vdi tinh on dinh cua 
he dupe mo t& bang cac phudng trinh sai phan ngau nhien hay phtfdng trinh 
vi phan. 

De angorit thich nghi (3-102): 

c[n] = c[n - 1] - T[n] V. H Q(x[n], c[n - 1]) hoi tu quan phuong hay xac 
suat bang mot thi dieu Hdn du la: 
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1- Khi chuan cua vecta 
i I c || tang thi 

J(c) = M (Q(x, c)} tang 
khong nhanh hem ham para bon. 

Theo do thi tren h.3-65 
dieu kien 1 la dieu kien ma 
J(c.) khong rcri v&o vimg gach 
spe ufng voi grad J(c) khong 
qua ldn. 

2- Cac phan tut cun ma Hinh 3 * 05 . 

tran cheo r[n] thda man cac 

dieu kien Robbins - Monro. TrUdng hop angorit gian doan: 


a) y t ,[ n] > 0. (3-113) 

b) | y„[n] = - (3-114) 

n= 1 

c) § y r 2 [n] < oo; v ~ 1,2, N (3-115) 

n= 1 

TrUdng hop angorit lien tuc: 

a) y r (t.) > 0. (3-116) 

b) J y(t)dt = «>, (3- i 17) 

o 

(3-118) 


Dieu kien a) cho c4 2 
trUdng hpp la dieu kien de 
phin hoi la am khi ede tri 
la ciic ti£u (neu ctfc tri la 
ede dai thi dau d ve phai 
cua angorit lien tuc hay 
angorit gian doan dang sai 
phan la dtfong). Dieu kien 
b) bao dam qua trlnh xae 
dinh th6ng s 6 toi tfu khdng 
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ke J ohuc qua srim nhu ri during drit net ri h.3-66. 

Dieu kien e) tUdng ring vdi y(t) gi&m dan theo thrii gian - y( t) tuong during 
vdi he so khuech dai trong mach thich nghi, he sd khuech dai lrin, con cd hau 
qua la se khuech dai &nh hudng cua nhieu. Do do y(t) giAm dan theo then gian 
vdi muc dich giam 4nh hudng cua nhidu nhu d h.3-66 (during lien net). 

De c[n] tien den c* vrii xac suat bang 1 thi dieu kien c&n la: 

lim y[n] V c Q(x[n], c[n - 1]) = 0 (3-119) 

Vi qua trinh la ngAu nhien nen V c Q(x[n], c*> ^ 0 do do y[nl tien den 
khong khi n tang nhitng khong qua nhanh nhu yeu cau b da dat ra. 

Dieu kien y = const nhu d (3-401, (3-47) chi ap dung trong truring hop 
he khong cd nhieu Thda man 
dieu kien Robbins - Monro la: 

; [nj = - trong trUring hop gian 

doan nhu ri h.3-67. during 1. 

Tot nhat la during 2, chi girim 
d giai doan sau nham tang toe 
do bien doi cua c.(t) ri thrii gian 
dau luc con xa thong so toi Uu 
c*. / Z 3 4 n 

Hlnh 3-67. 

An}>6rit toi iru 

Van de dat ra la, lieu vrii dieu kien Robbins - Monro, cd the chon cac 
phan tri y (J [n] hay y v { t) sao cho angorit trri nen toi Uu khong? 

Bay giri dung chat luring la tri so trung binh cua chenh lech veetd c[n] 
hay c(t) so vrii vecto toi Uu c* chua biet. 

V : [n] - M {^(c[n] - c*) : min (3-120) 

oho tracing hop gian doan va 

V ; (t) = M - c*) 2 } - min (3-121) 

£ 

cho truring hop lien tuc. V : la phuefng sai - do tan cua Uric luqng. 

Ta dung ky hieu: 

c[n] - c = t)[ n], (3-122) 
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x[n] - c* = £[n] - nhiiu (3-123) 

v6i dieu kien cvia nhieu: M{£[n]^ = 0. (3-124) 

thi c* = M {x[n]}. (3-125) 

Do do ang6rit thich nghi vdi chat lt^^ng V 2 ciic tieu la: 

c[n] = c[n - 1] - y[n](c[n - 1] - x[nj) (3-126) 

Them c* vao hai ve cua bieu thufc tren: 


c[n] - c* = c[n - 1] - c‘ - y[n](c[n - 1] - c* - (x[n] - c*» (3-127) 

Theo (3- 122) ta co: 

>?[n] = >?[n - 1] - y[n](>/[n - 1] - £[n]) 

= (1 - y[n]),/[n - 1] + y[n] £[n] (3-128) 

Nhiiu C co tri so trung binh bang khong theo (3-124) vh phtfcmg sai: 

M{£ 2 (n]> = cr 2 . (3-129) 

Vi £ va rj khong ttfcmg quan nhau, nen : 

M{//[n - l]£[n]} =0 va tit (3-128) ta co • 

V 2 [n] = (1 - y[nl) 2 )V 2 [n - 1] + Ktnjcr 2 (3-130) 


dV 2 [n] , , 

Ti/ dieu kien - - - (1 - y[n]) V 2 [n - 1] + y[n]tr 2 = 0 


ta co: 


d y 

/[nj = 


v [n - 1] 


V"[n - 1] + cr" 

Thay the tri so toi Uu tiJ (3-132) vao (3-130): 


V-[n] = 


LV"[n - 1J + &■ 


-] 2 V 2 [n - 1] +[ 


V 2 [n - 1] l2 


V 2 [n - 1] + 


d 


o 2 


(3-131) 

(3-132) 


a 4 V 2 [n - 1] + V 4 [n - l]a 2 


(V 2 [n - 1] + <t 2 ) 2 

cT 2 V 2 [n - n , 

Tix do rut ra: V" [n] - -^- T = y [nlo^ 

V-[n - 1] + cr 2 


(3-133) 

(3-134) 


Tit (3-134), sau khi chia cho V 2 [n - 1] d ter so va m£u s6 cuoi cung ta co: 


v'M 


l 

7 

V 2 [n - 1] 


(3-135) 
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cr 2 1 er 2 

Theo (3-134): -*- = - = 1 + —* - . 

V 2 * [n] y *[n] V 2 tn - 1] 

Til (3-136) ta co the suy ra cac bi£u thric ttfdng tU: 

a 2 a 2 

—-- = 1 + - , 

V 2 [n] V 2 [n - 1] 

o 2 a 2 

V 2 [n - 1] " V 2 [n - 2] ’ 

a 2 a 2 

Vin - 2] V 2 [n - 3] 


(3-136^ 


a 2 a 2 

V 2 [l] V 2 [0] 

Bang each thay the bieu thtic dtfdi vao bleu thtfc tren ke can, ta co: 

o 2 

V 2 [0] 

1 

- j - . (3-137) 

a 

n + —*- 

v 2 [0] 

tai tri s 6 tdi Uu cua y*(3-132), ttfong 
cung nhu moi lien he cua y* va cUdng 

do cua nhilu cr. 

Neu khong co dfeu kien ban dau vfe binh phtfdng cua sai lech, ta co the 

1 a 2 

\&y tri s 6 V 2 [0] = oo luc My gib y*[n] = — vh V 2 [n] = — nhtf da noi tren va 

n n 

& h.3-67. Angdrit (3-126) tren se co dang: 

c[n] = c[n - 1] - - (c[n - 1] - x[n]). (3-138) 


V*[n] 


= n + 


Tir (3-134): 


/[n] = 


V* 2 tn] 

! 


Nhu vay, ta da chufng minh, t'dn 
\ing vdi ch£t ltfdng toi xin V 2 *(2-134) 
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III.4.3. l/NG DUNG PHUUNG PHAP T0NG QUAT d£ KHAO SAT M0T S0 
BAI TOAN KHAC NHAU THUONG GAP 

Nhu trbn da nbu, phudng phap tong quat [34, 35] da bao gbm dupe nhieu 
bai toan thich nghi khac nhau theo mdt quan diem thong nhat, de hieu va 
da dupe danh gia cao [21]. Dieu do cung da thay ro trong nhung vi du neu d 
phan nay. NhOfng vi du cd nhieu, dudi day chi neu mot so bai toan khac nhau 
thudng gap. 

III.4.3.1. H6 hoc co chi dan 

/. Dal van de 

Bai toan nhan thtfc la bai toan chung hinh thanh tren cd sd cac bai toan 
rieng nhu nhAn biet ve hinh dang (so, chtf, cac hinh anh gi&n don) ve am 
thanh (tieng noi, tibng bn) chan doan benh tat va hong hoc. Nhan biet co the 
xky ra bang hai phudng thtfc: hoc cd thhy day ma bi£t va tU hoc ma biet. Muc 
nay de cap den phudng thiic thuf nhat nen cd ten he hoc cd chi dan 

Nhan biet la bUctc ctau tien va quan trong cua xti ly thong tin nhd vao 
cac giac quan cua con ngubi va thibt bi. Dau tien con ngUdi nh&n biet ve do 
vat, sau do, quan he gitfa cac do vat, cung nhu gitfa chung va con ngubi, tUc 
la nhan bid't ve hoan c&nh. Cuoi cimg con ngubi nhan biet ve su bien doi cua 
cac hoan canh. ttfc la nhan biet vh hien tupng. Dibu do cho phep con ngUdi 
kham pha ra cac quy luat; va du bao trUbc nhung hien tupng se x&y db'n, 
cimg quy luat. cua chung. 

Ta khdng de cap van d£ so sanh khd nAng t-U duy cua ngubi va may, (nhu 
d llnh vUc chdi cd, so sanh "Deep Blue 1 ’ va Kasparov) khong phiki vi con la 
v&n db dang ban cai ma la vi c&ch dat v£n d£ nhu the ta khdng hpp quy lu&t. 
May mo'c lam tang khd. nang vat ly va sau do la khzk nang vb tri tue, trong 
trUdng hop ngUdc lai thi may mdc da khong dupe chb tao nen!. 

O muc nay se de cap den van de nhan biet va phudng phap thich nghi 
de giai quyet v£n de nay cd hieu qua. Dong thdi nhieu angorit hoc nhan biet 
khac nhau dupe xay dung theo true quan hay suy doan, dupe chulng minh la 
trUdng hpp ca biet cua angorit thich nghi nay. 

Nhiem vu co bdn cua bai toan nhan biet la chi ra doi tupng dang dupe 
xet den thude ldp nao, ma noi chung la cac ldp ay cung chua xac dinh t.rUbc. 
Dae trUng cua mot ldp, mot loai nao do cua dbi tupng la cai gi chung nhat, 
giong nhau nhat - do la hinh anh. De gi&i quyet bai toan nhan biet, trubc 
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tien phai day bang each dua ra nhung hinh inh thude lop nky hay ldp khac 
da biet. 

Mue dich dat ra khong phai la so sanh nhtfng dau hidu cua doi tUdng vdi 
dau hieu cua ldp nay haj' ldp khac da bi£t trude nhu d cac may doc chu chuSn, 
cac thiet. bi kiem tra va phan loai s&n phdm ma chi khao sat trudng hop, khi 
ma dac diem chung cua cac dd'i tUdng thuoc ldp nay hay ldp khac la khong 
the xac dinh dude, mac dau no vSn ton tai mot each khach quan. 

2. Angoril hoc co chi dan 

Ta dung khai 
niem hinh hoc sau: 

Moi doi tueng 
cung vdi dac tinh cua 
no dUdc the hien bang 
mot diem trong khong 
gian nhieu chieu nhu 
d h.3-68. Hien nhien 
la nhitng doi tUdng 
giong nhau tUdng ling 
vdi cac diem gan nhau 
va cac ldp se phan biet 
dd dang neu cac di£m 
don lai theo ttfng 

X, 

vung neng re. 

Bai toan hoc nh4n M1nh 3 88, 

dang hinh anh la bai toan xay dung mat phan each, chia khdng gian nhieu 
chieu ra tiing vimg, tUdng dng vdi tbng ldp khac nhau sao cho sai l£ch theo 
mot nghla nao do la nho nhat. 

Viec xay dung mat phan each dude thUc hi£n bang each dua ra mot so 
hinh 4nh cua cac d6i tUdng thude v£ cac ldp a'y. Vi£c nh£n biet dUdc danh gia 
sau qua trinh hoc bang each dua ra mot doi tUdng mdi khdng bi£t thude ldp 
nao, thi ket qua se dUdc the hien. Hai bUdc £y la hai bude "hoc" va "lam" cua 
he hoc co chi din. Mat phan each dUdc m6 ta bdi: 

y = f(x), (3- 139) 

x - la veetd dac trUng cho hinh anh, 
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y - la dai ludng xac dinh ldp d6i vdi cac hlnh &nh da dtfa ra. 

Co th£ dat di&u ki£n cho m|t phan each mang tinh ch£t nhii sau: 

( 1 ri£u x E A 

sign f(x) = < (3-140) 

-1 ndu x E B 

Mat phan each y — f(x) noi tren la mat phan each ly tudng, hay noi each 
khac, d bai toan hoc co chi dan, thi do la "chi d4n cua th'ay giao”. B&ng phUdng 
phap ngoai suy hay bang phiiong phap xap xi, co the x&y dung mat phan each: 

y = f(x, c) (3-141) 

Bang phiiong phap thich nghi, vecto thong so c se tu chinh dinh sao cho 
mat phAn each xap xi (3-141) se tien den m&t phan each (3-139) theo mot 
chi tieu danh gia sai lech nao do, do la mot ham lbi vi du. F(y; f (x, c)). Bai 
toan mang tinh chat ngiu nhien nOn chi tieu ch&t lUdng la: 

J(c) = M {F(y); f?x, c))} (3-142) 

Xap xi tot nhat tUdng dng vdi vecto c = c" va phi£m ham J(c) co ciic 
ti£u. Trong nhi'Ou tracing hop (3-142) co dang cu th£ hdn: 

J(c) = M {F(y - fix, c))> (3-143) 

Vi mat d6 phan bo cua p(x) chiia biO't n£n de xac dinh x* chi co th£ dung 
cac thiic hien riOng Id tif viec dtfa ra cac hinh 4nh cua doi tUdng trong biidc 
"hoc". 

Ham xap xi cd the dilpc chon dtfdi dang m6t tdng hijtu han: 

- N 

f(x,c) = X C 1 - ¥>,>(*) “ cV(x) (3-144) 

•'=1 

ma c - vecto thOng so, </>(x)- vecto cac ham ddc l$p tuyen tinh. 

Nhti vay biidc thd nhat - xac dinh chi tieu cMt liidng (3-96) da diictc 
thiic hien. 

J(c) - M{F(y - c V(x))l, (3-145) 

Vi phiem ham (3-145) khong thiic hidn dUdc bang phUdng phap giAi tich, 
do do cUc tieu cua J(c) se dude thiic hi$n b&ng cA ch do cac gradiSn cua "thiic 
hien" theo dieu kidn tdi Uu d biidc hai (3-99): 

V c J(c) - - M{F‘(y - cV(x))^(x)) - 0 (3-146) 

Va biidc 3- xay dung angorit thich nghi tren co sd sd dung dieu kien tdi 
uu (3-146) - phan ben trong cua dau ky vong toan. Theo (3-102) ta cd; 
c[n] = c[n - 1] + y[n] + F’(y[n] - c T [n - l]y>(x[nl))y>(x[n]) (3-147) 
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Do la angbrft hoc. Angbrit (3- L47) sb xac dinh vectd tdi Uu c = c* va 
mat ph£n each toi \in f*(x, c*) khi n -* <». 



Hlnh 3-Bfl. 

Tuy each chon chi ti£u chat ltfdng khac nhau, each chon ham x&p xi khac 
nhau, c&ch chon ma tran T[n] noi chung khac nhau ma cd cac bidn dang khac 
nhau cua (3-147) khi khong dung tin hieu tim cung nhu cd tin hieu tim. 0 
h.3-69 cd sd db thtfc hien angbrit (3- 147). 



Hlnh 3-70. 
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Qua uinh hoc la qua trinh dtfa theo hinh &nh cua ddi titdng d dhu vao 
x[n] tna 1 t.hay giao" co quyet dinh: 

1 khi x E A 

sign y = 

[ -1 khi x e B 

dong thdi rung la qua trinh hinh thanh mat phan each toi ifu f(x,c*). Khi qua 
trinh hoc ket thuc, vdi hinh anh cua cac ddi titdng 6 dhu vao, ta co dap an 
theo sign f(x,c*). 

Sd do khai trien cua (3-147) nhit cf h.3-70. 


F’(.) la khoi thile hien lay dao ham, 

Vi du: J(c) = M(e 2 }, 

thi F’(«) = M{2e} dildc thile hi$n bang he sd khuech dai K = 2. 

neu: J (c) - M {| e | }, 

thi: F’(.) = Mjsign e Jdildc thile hifcn bang role 2 vi tri. 


Cac phan tuf 
khac la cac bo 
bien doi ham 
khuech dai 
co hd sd bidn doi 
c ]( , bo nhan, cac 
bo tich phdn gian 
doan. 



A n g 6 r i t Hlnh 3 ' 71 ^ 

(3-147) va s a do thile hien (h.3-69), tildng ufng vdi PERCEPTRON [1, 34], 
Angdrit nguyen thuy PERCEPTRON cua ROSENBLATT co dang sau: 

c[n] = c[n - 1] + y[n](y[n] - sign c[n - l]^(x[n])V(x[n]) (3-148) 

tildng ufng veri sd dd khoi nhil d h.3-71. 

May hoc AD ALIN (ph&n tit thich nghi tuydn tinh) la phtfdng an toi gidn 
cua perceptron. O d&u vko cua Adalin la veetd: 

x[n] = (1, Xjtn], .... x N [n], (3-149) 

ma chung sd xac dinh moi hodn c&nh cd thd vdi n = 1, 2, 2 N . Cac hoan 

ednh n&.y chia Idm 2 ldp tildng ting vdi: y = ± 1. 

Neu chon h&m xdp xi dang: 

^ tl (x) = 1, 

(p v (ic) = x v \ V - 1, 2, ... N. 
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thi cac bo bien ddi ham nhieu bien khong c&n nua. Neu dung phidm ham dang 
binh phUPng thi rdle 2 vi tri nhu 6 h.3-71 cung khong can ntta va angorit 
Adalin nhuf sau: 

cLn] = c[n - 1} - y[n](y[n] - c ! [n - l]x[n])x[n]. (3-150) 

So db thuc hi£n angorit Adalin nhu r d h.3-72. Thong thudng y[n] dupe 

chon la mot h4ng */[n] = — 

N + 1 

Cac dang khac nhau cua angorit hoc co the xem cf bAng 4-1 va 4-2 [34]. 



Hlnh 3-72. 

IU.4.3.2. He tu hoc 

/. Dal van de 

Til hoc la hoc khong cd chi d4n ti i ngoai ve dap dng cua he thdng la dung 
hay khong dung khi cd hinh &nh dua vao. Thoat ti§n, d§ nghi ngay la dieu 
ay khong the cd dupe vi hinh 4nh can ph&n loai cd bao nhieu la dau hieu khac 
nhau, con he thong thi khong the quan tarn d£u hidu nao, loai bo nhting dau 
■hieu nao. Lieu he thong cd the doan dtfdc svf ph&n loai ma ngtfcfi thiet ke nghi 
ra chang? Mat. khac lieu sU phan loai cua he cd 14m cho con ngUdi thoa man 
khong? 

ThUc ra khi nghiSn ctfu ky bai toan ta thay rang ngudi thidt k£ ngay th 
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dku da gi&i quydt nhihu v&n db cho hd thdng rdi. D&u hidu db ph&n loai trade 
hdt la daoc xac dinh tit vibe chon cac c&m bidn. Ndu c4m bidn la nhang phbn 
t \i quang dibn thl d£u hibu de ph4n loai 14 hlnh 4nh, kich thadc chd khdng 
ph4i la m4t do hay trong lapng cua vat. V4y thl trbn cd sd nao xdy dqng hb 
tq hoc? 

Gib thiet rang tap hop nhtfng hlnh 4nh X bao gbm nhang tap hop con X k 
treo nhau taong tfng vdi nhang ldp khac nhau dac trang bdi vecto x. Dung 
p k db chi xdc su£t xuat hibn hlnh &nh x tit tap con X k va p k (x) = p(x/k) - 
mat dp phan bd xac su4t co dieu kien eda vecto x ben trong ldp k taong dng. 
Mat dp phan bd xac suat cd dibu kibn p k (x) cd cue dai a "t&m" eba ldp k thude 
tap con X k nha d h.3-73. 

Mpt do ph4n bd xac suat hdn hop: 

M 

p(x) - 2 PkPk(x) (3-151) 

k = 1 


PCX) 


chda dqng 
toan bp 

lapng thdng 
tin ve cac 
tap con. Bai 
toan tq hoc 
thdbng dan 
dbn bai toan 
phuc hoi 
m$.t dp phan 
ho xac suat 
hon hop va 
xac dinh cac 
"tarn”, theo 

do xac dinh bien gidi cua cac ldp. Tradng hop thubn lpi la bidn gidi cd dang 
cac mat trung. B4i toan sb ddn gi4n hon nbu cd trade nhang thdng tin ban 
dau nha hlnh dang cua m4t dp phan bo cd dibu kibn (nha ph&n bd chu£n 
chang han) va chiing khac nhau d cac tri sd trung binh. Vdi dieu ki£n nay cd 
rat nhieu phaong phap phan loai khong cbn den chi dbn ta ngo4i vao, 

Mat do phan bd hdn hop dupe xac dinh bdi (vdi k =2): 

p(x) = PiP^x) + P 2 p 2 (x) (3’ 152) 

va mat ph&n each taong dng vdi: 



Hlnh 3-73. 
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f(x) = PiPiCx) - P 2 p 2 (x) 


(3-153) 


f > 0 x e A, 

vi f(x) \ 

[ < 0 x <= A 2 

Mat do ph&n bd xap xi dirge xac dinh bdi: 

p(x,a,b) = a V(x) + b T i^(x), 

d day a, b la cac veetd thong so> y?(x) vk V’( x ) la cac ham true giao. 
mat phan each x£p xi cung co dirge tit di§u kidn: 

f?x,a,b) - a,bV(x)-a,bV(x) 

Cac veetd a va b can xac dinh sao cho p(x) tien dan d£n p(x). 
2 * Angorit tu hoc 

Tif each dat van die tr£n, chi ti£u chat litdng dirge xac dinh befi 

J(a,b) = / tp(x) - p(x,a,bl] 2 dx -*• min 

x a.h 

Khi a = a*, b = b* thi phiem ham tren la cite tieu. 

Di'eu kien toi ifu theo (3-99) la: 

Va J(a,b) = 0 
Vb J(a*b) = 0 

Cu the, theo (3-156) va (3-154) ta co: 

V :J J(a,b) = - 2 / ip(x) (p(x) - p 1 (x)a - V ,I (x)b]dx = 0 

X 

V b J(a,b) = - 2 / v(x) [p(x) - <f> r (x)a - v'Wbjdx = 0 

X 

hoac: 

- M{<p(x)} + [/ (pi's) (p^ix) dx]a 4 - [/ <p(x)p l (x) dx]b = 0 

x x 

- M{^(x)} 4 - [/ y?'(x)dxla 4 - [/ p(x) p r (x) dxjb — 0 

X X 

Ttfdng dng v6i y>(x) va i/»(x) la cac veetd ham trite giao chuan: 
/ pis) <p 1 (x)dx = / pix)\p l (x)dx = I 

X X 

ta rut ra: M{ip(x)} = a 4- Gb 

M{^(x)} = G T a + b 
Tlr bidu thde thd hai rut ra: 


(3-154) 
Nhtf v4y 

(3-155) 

(3-156) 


(3-157) 

(3-158) 

(3-159) 

(3-160) 
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(3-161 


b = M{f/)(x)} - G l a 
va thay b vao bieu thdc thuf nhat: 

M{^(x)] = a + GM{l/J(x)} - GG l a 

= [I - GG T ]a + GMtyix)} (3-162) 

Tt* do ta xac dinh: a = UM{^Mx)} - G{t/)(x)}, (3-163) 

va ttfdng txi ta xac dinh: 

b = U T M{1/J(X) - G'V(x)}: (3-164) 

6 day U = [1 - GG 1 '] -1 ; (3-165) 

G = / y>(x)y 1 (x)dx ; G 1 = / V’(x) ^'(xjdx (3-166) 
Bieu thufc (3- 1G3) va (3- 164) sau khi don ve mot phia va ap dung lay tri 
*6 trung binh: 

M {a - U[yHx) - Gv'(x)]} = 0 , (3-167) 

M {b - UTLtf-tx) - G r y>(x)]} = 0. (3-168) 

Ltfu y cac bi£u thdc (3-167) va (3-168) la ket qu£ bi£n ddi cua dieu ki£n 
toi \iu (3-157) do do ta co the xac dinh angorit thich nghi theo (3-102): 

1 

a[n] = a[n - 1] - - (a[n - 1] - U[<^x[n] - Gy'(x[n])]} (3-169) 

n 

b[n] = b{n - 1] -l(b[n - 1] - U T [v’(x[n] - G T y>(x[n])) (3-170) 

n 

Scf do thtfc hien angorit (3- 169) va (3-170) nhd d h.3-74. 
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6 day y[n] = — theo difeu kien toi uu cua y (3-137). 
n 

f(x,a,b) co dupe tP dieu kien (3-155) trong khi chi tieu chat lupng dupe 
hinh thanh theo mlt do phln bo hdn hpp. 

Angorit tp hoc khac angdrit hoc (3-147) d cho, thay vt mot veetd angorit, 

cf dly co' mot .Ip vecto angdrit (3-169) va (3-170) tac dong thay the nhau 

/\ 

(h.3-74) tuy thu6c vao d£u cua ham ph&n each f(x,a,b) ma thong s 6 a, b sau 
moi lan dUa ra hinh 4nh x se tien dan den tri so toi Uu a.\ b*. Chinh dieu 
ay bu dap cho sp vang mat cua chi din y nhu d he hoc. Mat. khac, vai tro an 
cua chi din ton tai ngay trong chi tieu chat lupng dat ra con goi la ham phat. 
Nhu da thly, mat phan each dupe xac dinh ngay t.P ham phat. 

Angorit hoc va tp hoc kha phong phu [5, 34, 35] pham vi Png dung cua 
chung tuy thuoc vao thbi gian "tap dupt” cua chung dai hay ngln, mUc do 
chinh xac cua chung khi cd tac dong cua nhieu nhu the nao, mPc do phPc tap 
trong thpc hien ra sao. Vi du phu, doi vdi cac khoi hien ddi ham y>(x), mot 
mat can cd mPc dp xap xi lot, mat khac can giln don trong thpc hien. 

Neu trUdc day nhPng may hoc va tp hoc da thpc hien dupe nhpng chPc 
nang qua doi ngac nhien doi vdi con ngUdi thi ngay nay nguyen tac hoat dong 
cua chung dude gili thich qua nhPng trudng hpp rieng cua angorit hoc va tu 
hoc. NhUng kho khan vln ton tai d cho cd dupe mot phucfng phap van nang 
d£ tim nhPng hinh Inh cd ich de he cd the nhln biet dupe. 

111.4.3.3. Bill toln nhan dang 

1 . Khdi niem chung 

Nhan dang la bai toan xac dinh dac tinh cua ddi tupng dieu khid’n va cac 
dac tinh cua tin hieu tac ddng vao doi tupng dieu khien. 

O bai toan tien dinh, tac dong va die tinh cua ddi tupng dupe xac dinh 
tren co scf khlo sat, phln rich hay thpc nghidm. 6 bai toan ngau nhien, cac 
dac tinh thong ke cua tin hieu tac ddng vlo ddi tupng (mlt do phln bd, him 
tUdng quan, mat dd pho v.v,,.) dupe xac dinh tren co scf gia edng so lidu thpc 
nghiem con dac tinh cua ddi tupng di£u khien (cac phuong trinh r cac dac tinh 
thdi gian v.v . ) dupe xac dinh theo cac phuong phap thong kd sau khi da gia 
cong so lieu thpc nghidm. 

6 cac bai toan thich nghi phudng phap nay khdng the ap dung vi no ddi 
hoi nhan dang vdi tac dong vao dang die biet, ddi hoi thdi gian quan sat va 
gia cong so lieu lau, trong dieu kien cua phong thi nghiem, trong khi cf cac 
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he thich nghi nhdng viec £y phdi dupe thuc hien trong di£u kien h# dang van 
hanh. 

Nh$n dang co hai npi dung: 

- Xac dinh cau true va thdng so cua ddi tupng, do la bai toan hdp den. 

- Xac dinh thdng so ddi tupng khi cdu true cho trude, do Id bai toan hop 
xam. Chi can mot lupng thdng tin khong I6n lam v£ cdu true cua doi tupng 
thi bai toan da don gidn di rat nhieu. 0 day ta quan tarn d£n nhifm vu thd 
hai. 

Bai toan nhan dang se dupe khdo sat theo quan didm cua bai toan hoc 
dA neu tren. 

2. Xac dinh dac tinh phi tuyen tinh 

O day chi noi den cac khau phi tuyen tfnh don thudn, khong co quan 
tinh, trong trudng hop chung co th£ nhi£u diiu vao va mdt dlu ra. 

Xac dinh dac tinh cua phan td phi tuyen 

y = f(x), (3-171) 

dAn ddn viec phuc hoi ham f<x) theo tin hieu vao x va tin hi£u ra y. 

Ham f(x) co the xap xi bang tong httu han cua cac ham tuydn tinh c^<p(x) 
nhu da thuc hien doi vbi he hoc. Ta cd thd xac dinh dupe angorit thich nghi 
theo kieu perceptron ma "chi din" y la dau ra cua khAu phi tuyen tinh can 
xet. 

Trong nhidu trudng hdp, hinh dang eda d&c tinh phi tuyen da bi£t, chi 
can xac dinh veetd thong so cua no, luc bdy gib dac tinh xap xi cd dang: 

f(x) = f 0 (x,c). (3-172) 

ma c la veetd tbdng so can tim. 

C> bude 1 - ham muc tieu dupe xac dinh nhu sau: 

J(c) = Mx{ F(y - f 0 (x, c))} (3-173) 

Budc thtf 2: Di£u kiSn ttfi Uu x£c dinh theo (3-173): 

V c F(y - f n (x,c)) = - F’(y - f u (x,c» V c f 0 (x,c) = 0 (3-174) 

va bude cuoi cung: Xac dinh angdrit 

c[n] = c[n - 1] + y[n]F’(y[n] - f n (x[n], c[n - 1])) 

... V t f n (x[n], c[n - 1]) (3-175) 

cho trUdng hap gian doan, ho$c: 
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dc(t) 

—-- = ylt) F’(y(t) - f tl lx^t), c(t)) V c f t /x(t), c(t)) 

at 


i (3- 176) 


cho t.rtfdng hap angdrit li£n tuc. 

S a do thuc hien angdrit (3-176) nhu 6 h.3-75 cung nhu c cac trudng hop 
tren, neu F(y - f n (x, c)) = -- (y - f n (x, c)) 2 thi F’(.) = 1, duoc thuc hien 


bang mot kh&u khuech dai vcfi he s 6 khuech dai la 1 



Hlnh 3-79. 

Neu F(y - f 0 (x, c)) = | y - f ,(x, c) j , 
thi F’(.) = sign(y - f 0 (x, c)) dtfdc thuc hien 
bang role 2 vi tri. 

Trong trudng hop gi&n ddn, neu f(x) 
nhu d h.3-76 va co th£ dung mo hinh gi£n 
don bang mot khau khuech dai co he so K 
bi£n ddi dude thi K* co the nhu 6 dudng 
diit net tren h.3-76. Do la trudng hdp U6c 
lUdng h$ s6 tuyen tinh hoa thong ke ma khi 
phan tich thong ke cac he phi tuyen, khau 
phi tuyd'n dude thay th£ bhng khau tuy£n tinh vdi di§u kidn la ph&i bi£t mkt 
do phan bo cua tin hieu dilng d dau vao. (3 d&y dieu do la kh6ng can thiet. 

Angorit thich nghi ifdc ludng he so tuyd'n tinh hda thdng ke la: 
dk(t) 

- = y(t) F’(y(t) - k(t)x(tV) x(t< (3-177) 

dt 



Hlnh 3-78. 


209 









Nhan dang cdc doi taang phi tuyen tinh 

Hanh vi cua cac doi tUpng phi tuy£n tmh co th£ mo th dudi dang; 

a . phitong trinh sai phdn phi tuyin tinh bac l: 

x[n] = f(x[n - 1], x[n - 1]; u[n - 1], .... u[n - 1,j) (3-178) 

ma x[n] la lupng ra, u[n]- lupng vao. 

b. he cdc philcmg trinh sai phdn phi tuyen tinh bdc mdt: 

x[n] = f(x[n - 1], u[n - 1]) (3-179) 

ma x[n] = (x ( [n], ..., X|[n], 

u[n] = (ujtn], ..., u 1I [n]) ) 

la cac vecta tin hieu ra va vao cua ddi tUpng. 

Cac phudng trinh sai phan nay tifcmg tfng vdi cac ddi tupng lien tuc dupe 
dieu khien bang may tinh hay cac co cau xung. Vdi nhting difeu kien nhat 
dinh chiing co the xem nhu mo td gan dung cac he lien tuc. 

Ngoai cac phudng trinh dang sal ph&n hay vi ph§.n, co khi cac doi tupng 
phi tuyen tinh dupe md td bang chuoi Volte: 

00 00 oo 

x[nl = 2 kJmJuLn - m] + J £ k 2 [m 1> m 2 ].u[n - m n u[n - m 2 ] + 

m=0 m [ = 0 m 2 = 0 

+ 2 ■■ S M m i> - mj. u[n - m,] ... u[n - m s J'+ ... (3-180) 

mj =0 m s =0 

(3- 180) co the xem nhu chuoi Volte gan dung n£u thay th£ d£u tong bang 
tich phan con cac bien thay th£ bang dang lidn tuc. Neu chi gidi han vdi thanh 
phhn thii nhdt, ta co phudng trinh cua he tuyen tinh. 

Nh&n dang cac doi tupng dong hoc la phuc hoi cac phudng trinh cua doi 
t.Udng theo tin hieu vao va ra. 

Ta se nhan dang doi tupng phi tuy£n tinh mo td theo (3-179) thudng 
dung vi co nhi&u thuan ti§n. 

Moi thanh phan cua vecta ham f(x, u) dupe x&p xi bang mdt tdng hufu 

han: 

£(x, u, c) = X c |P p /iV (x,u); (3-181) 

1, 2, .... 1). 

hay dudi dang veetd: 

f(x,u,c) = 0(x,u)c , (3-182) 
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rna 


<M = 1, .... 1; v = 1 ... N) 


^(x,u> = 11 y>(x,u) 11 
la ma tran cac ham ddc lap tuy£n tinh. 

Bai toan nhan dang doi ttfdng din den bai toan ctfc tieu hoa ky vong toan 
cua chenh lech: 

J(c) = M {F(x[nl - f(x[n - 1], u[n - l])c)l (3-183) 

ma F(.) phai la mdt ham loi. Ham F(.) la khi vi nen dung angdrit (3-102) 
mA gradien cua thdc hien dune xac dinh bdi: 

V c F(x[n] - 0(x[n - 1], u[n - l])c) = 

= - (x[n - l],u[n - l])VF(x[n] - 0(x[n - 1], u[n - l])c) =0 (3-184) 

va angdrit thich nghi co dang: 

c[n] = c[n - 1] + y[n] <£ r (x[n - 1], u[n - l])VF(x[n] - 

- 0(x[n - 1], u[n - l])c[n - 1] (3-185) 


Khi n oo, veetd c = c*. Sd do tfdc lddng veetd tdi tfu c* vh nh&n dang 
doi ttfdng f(x, u) nhtf d h.3-77. 



4, Nhan dang dtii tuong tuyen tinh 

Vdi d6i ttfdng tuydn tinh, angdrit thlch nghi se don gi4n hdn. D6i ttfdng 
chide mo ti bdi phtfdng trinh sai phan tuy£n tinh dang: 

1 li 

x[n] = 2 a^tn - m] + £ b m (3-186) 

m=1 m-1 
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ma mot so he so a m , h co the bang khnng. Neu dun" vectd thong so: 

c = iM h . , a,; -bj, ... Hj 1 1 , io-]8 7 ' 

va vecto trang thai z thi ham xap xi co' dang: 

f(Z,C> = c'z, '3 1NM 

va cung nhir tren, sau khi thuc hien cac bitdc xa' h ham muc t.ieu. xac 
dinh dieu kien toi tfu, ta co angorit nhan da,, u.. r sau: 

c[n] = c[n - IJ + y[n]F’(x[nl - c |n - >.[nj)z[n]. (3-189) 

1 

Trong trifbng hop FiJ la ham parabon va 2'/[n) =-- . 

11*1*1 If 

thi angorit (3- 189) co dang: 

1 

c[n] = c[n - 1] +-^ (x[n] - c [n - l]x[n]) z[n] (3-190) 

11 l h 

va so do thUc hien angorit (3-190) nhu d h.3-78 don gian hem (3-189) va 
mang t£n la angorit KACZMARZ. 



Bai toan nhan dang, ngoai van de toe do hoi tu va chon ham y> 1( (x), van 
de quan trong la sai so cua tide Uicfng khi co tac dong ciia nhieu. Toe d& nh&n 
dang va sai so luon lien he nghich d&o. 

Bai toan nh&n dang va perceptron hoc li6n quan ch&t che v6i nhau. Nh&n 
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dung theo phUdng phap thich nghi co the gi&i nhufng bai toan vdi miic dp co 
dupe ve ludng thong tin ban dau khac nhau. Cac angorit thich nghi co dUdc 
cd th£ dupe gidi bang cac edng cu may tinh so hay tUdng tu. do la Uu viet so 
vdi phuang phap nhan dang de rut ra cac "bieu thuc chet" trong khi doi tUdng 
luon cd the thay ddi. 

Cac mo hinh doi tUpng dung d bai toan nhan dang thuc chat la cac 
perceptron, phAi chjlng do la nhung cd cau de nh&n dang hop ly nhat. 

III.4.3.4. Bai to£n Iqc 

/. Khtii ttitm chung 

Thong thudng loc dupe hieu la tach tin hieu cd ich. ra khoi nhieu. Theo 
nghia rong, loc hao goni c£ khai niem vd phat hien, tach rdi, phuc hbi vh bien 
doi tin hieu vao. 


Xap xT ngau nhten 



Hinh 3-7S. 

Sd do khoi d h.3-79 phan biet each giai quyet bai loan hoc theo phUdng 
phap thich nghi va phUdng phap xap xi ngau nhien. 

6 day: 

s(t> - tin hieu cd irh. 

Oil - nhinu, 

<p -bo loc can xnr djnb ■ • 1 :11’ 

xiii = <n i - 1 1 : 1 

Bo loe Li sun la hf» ! -i -i Tin \ m fv ■> tin hieu cd ich. Chute 
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nang cua b6 loc cd the nhtl sau: 


L(s(t» = 


|” s(t) 

J s(t + t n ) 

ds(t) 

~dT 


- loc nhi&u ddn thuan 

- bai toan ngoai suy - dd doan, 

- udc luong dao ham, 


t 

/ s(t)dt - udc lddng tich phan, 

o 


Neu tin hi£u co ich s(t) bi4t dddc va khdng bidn doi thi vi6c x4y dung b6 
loc t6i iiu, tach dddc nhifeu, khong khri khan. Nhdng khi dieu ki6n 14m viec 
thay doi thi tmh ch4t toi du khong con nda. Nhd v&y bp loc tdi du khong the 
xac dinh dupe, neu ldpng thOng tin ban d4u v£ tin hi£u v4o 14 chda d4y dd. 
Chinh vi th£ ma bai toan x4y ddng bo loc thich nghi cd kh4 nang lam vi£c 
luon d ch£ d6 toi du khi di4u kien lam vi$c chda xac dinh (thay doi tin hipu 
vao hay thay doi c4 cau true cua bo loc) 14 c4n thiet: 

Bai toan xac dinh thong so t6i du cua bo loc la bai toan cua Philips, con 
bai toan xac dinh c4 c4u true va thOng so cua bd loc 14 bai toan cua Wiener 
- Kolmogorof. 


2. Cau true bo loc thich nghi va angorit tong quat 

Tin hi$u ra cua b6 loc thich nghi cd th£ cd dang tdng hdu han cua nhdng 
ham dpc lap tuyen tinh vdi tin hieu vao (h.3-80) 

y(t) = cVt), (3-191) 

v& y>(t) = (y>j(t)), .... y> N (t). 


00 


trong do 


fp„(t) = / K,,(r)x(t - r)dr, 
0 

K(t) = (Kj(t), K N (t)) 

00 

y(t) = / K(r)x(t - r)dr 
u 



Hlnh 3-BO. 

C4u true cua b6 loc thich nghi cd th£ thde 
hien theo kieu song song (h.3-81a) hay ndi tiep (h.3-81b). 0 do T la cac kh£u 
tre. ^hdong an b cd cau true gi4n ddn hdn, cac khlu tr£ cd then gian tr£ nhu 
nhau dddc sijf dung de cd nhdng tin hieu cd dp tre 14 bpi so cua nhau. 
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Chi ti£u ch£t lacing ddi vdi bai toan lpc nhi£u dcm thu&n co th£ xac dinh 
bcfi phiem ham: 

J(c) = M{(s(t) - c'V(t)) 2 >. (3-192) 



Hlnh 3 -bi. 

Tin hieu c.d ich s(t) va nhi£u f(t) khdng tUcfng quan nhau nghla la: 

M{s(t)f(t)} = 0 (3-193) 

Di'eu kien tdi Mu difac xac dinh bci: 

V c J(c) = - 2M{(s(t) - c T y>(t)y>(t)} = 0. 

Angdrit thich nghi dang lien tuc; 

dc(t) . 

- = r(t)(s(t) - c ^(t))y?(t) (3-194) 



Hlnh 3-62. 
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Tuong utng vcfi angorit (3-194) ta co so do khoi nhtf d h.3-82. 

So do khoi 6 h.3-82 sur dung tin hi£u co' ich s(t) de tao nen sai l£ch e n6n 
khong the thUc hien diioc vi d dau vao cua b6 loc, nhieu va tin hieu co ich la 
khong tach biet. dupe (vi ngupc lai thi da khong chn d£n bo loc). 

Lac ihtch nghi vai twang thong tin han dau ve nhieu 

Tin hieu d dau vao cua bo loc 

x(t) = s(t) 4- f(t) (3-195) 

gbm co tin hieu co Ich va nhi6u. N£u cd dupe dpc tinh thdng k6 ciia nhilu 
nhu tri so tning binh va ham tuong quan tuong dng vdi: 

M{iU)} = 0, (3-196) 

R t (i) - M{f(t)fu - t)) (3-197) 

Theo (3-195): 

sit) = x(t) - fit). 

Thay th£ s(t) vao (3-192) ta co: 

J(c) = M{(x(t) - c'p(t) - f't)) 2 } = min 

L 

= MUx(t) - c T y(t) 2 } + M{f 2 (t))} - 2M(fxCt) - eVtWftf}. 

Phan tich thanh phan euoi cung cua ve phdi phUcmg trlnh tren: 

M{x(t) - c T p(t))f(t )) = M{x(t)f(t)} - M{c l $>(t)f(t)} = 

oc 

= R^iO) + R t ,(0) - c 1 / K(tM {x(t - rjfit) ) di , 

o 

ac 

6 day fit) = / K(r)x(t - 7)dr, R sj (0) - 0 theo (3-197). 
o 

T \i do ta rut ra: 

J(c) = M{(x(t) - c 1 ^)) 2 } - 

- R|f(0 + 2c 1 r, (3-198) 

oc 

raa r ( = f K{7)R 1f (T)d:. 
o 

Y nghia cua cac dai ltfpng rdi 
rac: r ( nhu d h.3- 83. Tif (3- 198) diieu 
kien toi Uu la: 



Hlnh 3-B3. 
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(2-199) 


V Jfc) = - 2 Mjixit) - + 2 rj- = 0 

T \S do angdrit lidn tuc co dang: 

de(t) ... 

= Ht){(x(t) - c ] <pit))^(t) - r f h (3-200) 

Sa db thtfc hidn nhif tren h.3-84. 



6 day, tin hieu dda vao bo lot la tin hieu do dtfdc khac vdi s(t) la tin hieu 
cd ich khong th£ do dtfric d h.3-82. 

4 . Lite (hich rt^hi vrri thdnfi (in hart dau ve tin hieu cd ich 

Neu diet dude ham t\t taring quan cua tin hieu cd ich: 

R s (t> = M {s(t) sit - r)}, (3-201) 

thi chi tieu chat lUdng c d dang: 

J(c) = M((s(t) - cV(tn’) = M«s 2 (t» + M{[c t y-(t)] 2 }- 2M{c I ^(t) s(t)l 
Neu da biet: M{s 2 (t)} = R^iO), 

OC- 

Phan tich M{c 1 <p(t)s(t)| = c 1 / K(t) M{x(t - t ) sit)}dr. 

o 

vi x(t - t) = s(t - t) + f. 

oc 

nen Mlc^it) s(t)> = c 1 / K(7)R SS (7) dr = c T r,.. 

o 

Nhu vay: Jic) = MKc 1 l <p{t)) 2 ) + R ss (0) - 2r v c T . (3-202) 

Dieu kien toi du: 
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(3-203) 


V £ J(c) = 2M{ [c T <p(t)> ^>(t)]} - 2r s = '0. 

Cuoi cung angorit thich nghi dang lien tuc: 
dc(t) 

—— = - r(t)(c>(t)^(t) - r s ). (3-204) 

dt 

So d'6 thitc hien angdrit (3-204) nhu h.3-85. 



Hlnh 3-83. 

III.4.3.5. Vf du vfe m$t hp anten thich nghi 

Anten cd chufc nang thu tin hieu co ich trong khdng gian co nhieu nguon 
nhidu khac nhau. Viec loc nhieu chi cd th£ thuc hien dtfdc neu biet trudc 
hudng cua nguon phat tin hieu cd ich vA cvia nhidu roi tit do chinh dinh lai 
luoc dd hudng cua anten. Luc do di£m cUc dai cua lUcJc do hudng triing vdi 
hudng cua nguon tin hieu cd ich, di£m cvtc tieu - hudng cua ngubn nhilu. 

Song phAn b6 cua nguon nhieu trong khdng gian lai khdng bi£t trudc va 
thay ddi, khi do phAi dung ddn anten thich nghi. 

He anten la mdt tAp hop nhidu anten hinh tron nhu d h.3-86. 

Cac tin hidu thu dupe tit anten se qua m6t khAu trd T vdi thdi gian trd 
bAng 1/4 budc song. Sau do tin hidu dupe nhAn vdi thdng so chinh dinh c 2v _ t 
va c 2l , trUdc khi edng chung lai vdi nhau. Angdrit chinh dinh thdng so la 
angorit hoc Adalin (3- 150) d h.3- 72. Chi tidu chat lupng cua he anten hoc la 
cue tid’u cua sai lech: 

J(c) = - c'x) 2 }, (3-205) 

d day x = (X|, x 2 , x N ) - vecto cac tin hieu ra cua anten (anten thu dupe 
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tit khong gian) va y o la tin hieu cd ich (chi din trong he hoc). Th do angorit 
hoc cua an ten nhu sau: 


dc,,(t) 

"dt 


= y(t) [y 0 (t) - 



c^(t)x v (t)] x v (t) 

v - 1, 2, 2N 


(3-206) 


Vi htfdng cua tin hieu co ich thtfbng dtfoc xac dinh tnidc n£n d budc hoc, 
mot nguon tin hieu nhan tao se dtfoc sir dung va phat tin hi£u theo htfdng 
da bi£t. Tham so va htfdng cua tin hi£u nh&n tao c&ng gan vdi tin hi$u cd ich 
trong khong gian cang tdt. Dau vao cua Adalin dtfoc noi vdi d&u ra cua anten 
(che do \) hay dau ra cua kh&u tri T° th nguon phat tin hi@u nhan tao (che 



Hinh 3-88. 

do 2). Gia tri cua T° dtfdc chon sao cho cd thi thu difoc m6t chuoi tin hieu 
ttfdng ttf nhtf tin hi£u cd ich sau nay. C& hai che do 1 va 2 Luan phi&n nhau 
thay ddi, vdi tan sd du ldn (khoAng thdi gian thay phi&n nhau du nhd) sao 
cho trong thdi kho&ng ay, htfdng va gia tri ctfc ti£u cua cong su£t tin hieu 
nhiiu van khfing thay ddi. 

6 h.3-87a cd kit qu& da dtfdc mo hinh ho'a tren may tinh. T la chu ky 
tudng dng vdi tan so f o . Nhiiu cd dang hinh sin vdi bien d6 0,5 va cong su£t 
0,125. Cac tan sd nhieu ttfong dng: 

M f 0 ; 0,95 f n ; f n ; 0,9f (> ; 1,05 f n 
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Tr6n h.3-87b la dac tinh bi£'n doi &nh hudng cua nhidu (then rong suat 
cJ dau ra cua anten) trnng qua trinh hoc. Nhtf v4y ho hoc Adalin cua anten 
da co the thich nghi vpi dieu kien lam viec trong moi trtidng nhieu va giAm 
dan &nh hrtdng cua chung de co che d6 thu t6i ifu. 



300 T*500 T* 582 


Hinh 3-07. 

Th6i gian hoc theo ket qu& mo hinh hda kho&ng 400 chu ky vdl tan so 
f n tucmg ring vdi f = 1 MHz va t = 40 ms. 

Viec thu nh&n tin tijfc til cac hanh tinh trong vu tru thtfdng chiu £nh 
htfdng r3t ldn cua nhidu vu 
tru Dieu kien dung nhdng 
may phat cite ldn tit cac hanh 
tinh de gi&m anh hddng cua 
nhmu la khong the thpr hien fmh 

dupe. Nhdng neu dung mot he 
kin theo angorit thich nghi 
ma tin hieu phan hoi t\i qu£ 
dAt co the khong chiu anh 
hudng cua nhieu thi tin hieu 
thu dupe se co do chlnh xac 
cao. Angorit thich nghi thde 
hien viec truyen tin trong vu 

tru co dang: Hinh 3-ee. 
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■In] = c[n - 11 - y[n] [k(c[n - 1] - a) + f[n] ]; 
tren tvf of ,-ua yeu cau Joai trit Anh hudng cua nhi£u (tUdng ting vdi difcu kien 

:ni JU'; 

Mfk (c - a) + 0 = M(k (c - «)) = 0 

trong do k la he so khuoch dai cua c6ng su£t may phat tit hanh t.inh. c la tin 
hieu phan hoi, phat len tit mat dat - Sau thcfi gian hoc: 

c"in] = a. 

Sd do khdi cua h£ thu phat thuc hidn vide truyen tin trong vu tru nhu 6 
h.3-89. 



Hinh 3-ea. 

III.4.3.6. Gian doan h6a t6i uu 

I. Khdi niem 

Gian doan hoa la bi£n doi mot tap cac tri so lien tuc th&nh gi&n doan. 
Gian doan hoa dupe dung d nhieu llnh vUc khac nhau nhu luu tru v& xtf ly 
thong tin, truyen tin hieu. Qua trinh nay khdng the thieu d cac thiet bi tinh 
va ky thuat sd. 

Khi dung phUdng phap truyen &nh qua dien tin, ta cd ham 2 bi£n chn 
gian doan hoa. 6 ky thuat truyen hinh (ham 3 bien) hinh &nh truyen di dupe 
chia thanh titng dong va tuang ling vdi chiing 1& nhQng m&u &nh gian doan. 

Truyen Idi noi (ham mot bien) b&ng difeu bi6n tit tin hi£u lidn tuc sang 
ma xung gian doan. 

Nhu cau ve cong suat ddi vdi ddng cd la lidn tuc nhUng kich thUdc doi 
vdi dong cd ph&i dude gidi han theo titng pham vi cong su£t nh£t dinh. 
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Ton that nang ltfdng theo kich 
tiiii"6c cua dong cd nhtf & h.3-90a. 

Kich thtfdc 16n hay be hofn d'eu d&n 
den ton hao nang ltfdng 16n. 

Ngtfdc lai ton th&t nang ltfdng 
theo cong suat cua dong cd co dang 
nhtf 6 h.3-90b. Khfing th£ s6 dung 
dong cd qua c6ng suat dinh tmJc 
nhtfng cong suat s6 dung c&ng be, 
ton that cang Idn. Do do viec phan 
loai dong cd theo kich thtfdc nhtf the 
nao la hdp ly d£ ton th3t nang ltfdng 
la nho nhat. 

Hinh 3-80. 

Gian doan hoa cd th£ xem nhtf 

chia khdng gian tin hidu lien tuc x thanh cac vung A k khdng cheo nhau 
(h.3-91). Tri so gian doan tuong ring v6i vung A k ma: c k - la "dai dien" cho 
moi tri so d vung ay. Gian doan hda cac bien cua ham luon lam gi&m ltfdng 
thong tin chda dtfng d tin hieu lidn tuc va mang lai sai so vi. mdt tap cac tri 
so lien tuc dtfcfc thay thd b&ng m6t tri so gian doan duy nh&t. Sai so ndy 
ttfong ttf nhtf sai so quy tron, 6 ly thuy£t 
thong tin goi la nhiiu ltfdng tuf hda. Sai 
so ltfdng tit hda phu thuoc hinh dang va 
kich thtfdc cua midn A k< Sau khi truybn 
tin hieu gian doan qua kenh (so ltfdng cac 
tri s 6 gian doan ay bi gidi han bdi kh& 
n&ng cho di qua cua kenh) cbn phuc hbi 
lai tin hieu lien tuc. Nhtf v$y chia khdng 
gian A ra mien nhtf the nao de nhibu 
ltfdng t\i hda la ctfc tieu? Dd la n6i dung 
cua phtfdng ph&p n&y. 

Hinh 3-91 

2. Angorit gian doan hda loi uu 

Ta ky hieu x la tin hieu lien tuc can gian doan hda cd mat d6 phan bd 
p(x) ma ta khong biet difdc. Dung tfdc ltfdng cua no: c cd tri so la hang trong 
mien da cho, sao cho 

c = c k vdi x G X k (k - 1, 2, N) (3-207) 
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Chi tieu tf6c liidng chinh xac la tdn that trung binh dildi dang phiem ham: 

N 

J(c) = 2 / F(x, C k ) p(x)dx, (3-208) 

k=l A k 

d day c = (c,, C 2 , C N ) U6c lifdng tdi ifu c = c* c\ic tidu hoa tdn th£t 
trung binh. 

De de kh&o sat, ta gicfi han trtfcmg hdp mdt chieu, mifen A k la mot doan 
thang tr£n true. 

N A k 

J(c) = £ / F(x, c k )p(x) dx, (3-209) 

k-l 

va \iac ludng c k la nhufng so thde. 

Neu dung ham ton thdt dang: 

F(x, c k ) = F(x - c k ), 

N A k 

ta co: J(c) = V J F(x - c k ) p(x) dx, (3-210) 

k=1 ^k-J 

ma: c k (k = 1, 2, N), 

va A k (k = 0, 1, 2, .... N). 

Dieu kifen tdi Uu la: 

dJ 4 

— = - / F’(x - c k ) p(x) dx = 0, (3-211) 

< ic k ^ k-i 

r)J 

— = FU k - c k ) p(A k ) - F(A k - c k+ 1 )p(A k ) = 0 (3-212) 

t)A k 

vdi dieu kien (3-2L2) ta cd: F{A k - c k ) = F(A k - c k + ] ). Neu F la ham ddi xdng, 
ta xac dinh diidc moi lien he gida A k va c k : 

A, = -LLJ_ . (3-213) 

k 2 

Gicfi han cua kho&ng each A k la tri sd trung binh cua c k< N£u bi£t dude 
p(x) cd th£ gi&i duoc cac phtfdng trinh tr6n, nhtfng p(x) ton tai ma khdng biet 
dugc nen ta dung phUdng phap angdrit. 

Tlch phan (3-211) cd gicfi han [A k _ L , A k j cd th£ dude thay thd bdi: 

00 

— / F’(x - c t ) eUfc.p A k ) p(x)dx = 0, (3-214) 

0 
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1 x e U k „ i, 

vcn lU k - J ’ = \ n ^ n a 

0 x ? (4_,, A k ). 

nhtf d h.3-02. L k 1 k 

< *4- 214» va 13- 2111 ttfcmg duang nhau sau khi 
<h*a vao ham (3-215V 

Biau thiic (3-214) chinh la ky vong toan cua 
- F’(x - c k ) nan difeu kien toi tlu (3-211) co th£ 
viet: 


( 3 - 215 ^ 




k-r 

Hlnh 3-02. 


( 3 - 216 ) 


- M x {F’(x - c k ) eU k _ l5 X k ) } - 0, 
va angdrit thich nghi gian doan, theD (3- 102) la 

c k |n] = c k [n - 11 + y[nJFVx[n] - c k [n - 1]) eU k _j[n - 1), A k [n - 11) 

(3-217) 
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our 2 vcfi dieu kien (3-213) 

A k [n - 1] = ^ c k^ n ' 1] + q;+ [l> ' 1 ]\j (3-218) 

Khi n ^ » c k [n] -* c k * 

"A k [n] -* V 

A m va A n la c6 dinh, so do thuc hien angdrit (3-217) va (3-218) cho tren 
h.3-90 da duqc mo td mot phan. 

Doc gia cd the x&y dtfng angorit va so do khoi cho trtfdng hdp: 

F(x - c k ) = (x - c k ) 2 , 

- (c i. ■ c k-i> <x << c k+i + c w» 

0 cac tri so khac cua x. 

III.4.3.7 H£ c6 v£n 

1. Dat van de 

Khi thu nh&n thdng tin, gi£ thibt chung cd do chinh xac khac nhau, lam 
sao ta cd dtfdc t.hnng tin chinh xac Thong thubng ngUbi ta sd dung ,f trung 
blnh" cua chung theo nghia cu the hay trifu tuong, tuy tinh chat vslt ly cua 
thong tin. Mdt dai lbdng can do, mudn cd tri sd chinh xac thtfbng dtfdc do 
nhieu lhn va lay trung blnh ho&c nhieu dung cu do (mn cai n&o chinh xac hem 
cai nao ta khong xac dinh duqo) ddcfc sd dung cimg mot luc va sau do lay tri 
so trung binh cua chung. 

Bay gib, neu ta dung mot he sd cho m6i dung cu do va ap dung phuong 
phap thich nghi de xac dinh cac he so ay, dung cu nao cd do chinh xac cao, 
he so &y lcfn va ngtfoc lai. Chi tidu chat luong la ctfc tieu cua sai l$ch. Do do 
khi qua trinh thich nghi kdt thuc ta cd cac he so tbi \tu c* cho thng dung cu 
do, va ttfong bng v6i chung, he cho ta thong tin chinh xac. Do la bai toan do 
chinh xac bang dung cu do kem chinh xac trong trUbng hop rieng, va trUbng 
hop chung, may ''cd van” cho ta thong tin chinh xac tul nhbng ngudn tin kem 
chinh xac. 

2. Angorit thich nghi 

Cach dat van de nhU tren tuong bng vdi so do khoi cf h.3-94 Dai htdng 
do duoc cua moi dung cu do la y v (v = 1, 2, .... N), va tdng cua chung: 

Z = X c v y r (3-219) 

>-=l 
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va 


e(c 


k + j, c k , c k + |) — 



(3-220) 


Do tin (danh gia sai so) cua mot Tan do: 

a,, 2 = M {(y v - M(y |r >) 2 ) 
Tudng tii nhu th£ ta cd 
do tin N kenh: 


cr = M((Z-M{Z}) 2 ) 

(3-221) 

Biy gib, ta cd thd dat 
dieu kien sau; 

1. (3-222) 

V=1 

Chi tieu chit ltfdng d£ xac 
dinh he s6 c (r = c/ li: 



Hlnh 3-94. 


b( c \ 


N 

c N ) = Y 


2 


O v + A(1 - Y c y} 


(3-223) 


Chit ltfdng dtfdc xac dinh bdi hai thinh phin. Thanh ph&n thtf nhit d ve 
phii cua phtfdng trinh (3-223) xac dinh sai sd cd bin, thinh ph&n thtf hai 
xac dinh sai so phu, bio dim thoa man dieu kien (3-222). Sai so cd bin la 
nhd nhit ttfdng tfng vdi d6 tin be nh&t cua N k£nh do: 


a 2 = X c k V. (3-224) 

k=i 

con sai so phu bio dim di&u ki£n (3-223) dd ta cd Z la ttfdng dtfdng vdi tin 
hieu cin do. Do do X la thong so phu cin chinh dinh. 

Ttf (3-223) ta cd dieu kien toi tfu: 


— = 2c k <r k 2 - A = 0, (3-225) 

0c k 

drJl N 

-(1 , J Ct/ ) = 0. (3-226) 

dX V=\ 


Tiidng tfng vdi dieu kidn tdi tfu (3-225), (3-226) ta cd cac angorit thich 
nghi lien tuc: 


va 


dc k (t) , 

- - - y|(t)[2 c k a k 2 - X(t)] 

dt 

ax n 

- = - y 2 (D(l - X Ci-^)) 

dt I--1 


(3-227) 

(3-228) 
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Trong cac bieu thufc tren can cd cac angorit xac dinh tri so trung binh 
va phiidng sai (bai toan nhan dang dac tinh thong ke cua tin hi£u ngiu nhien). 

Xdc dinh ky vong loan 

Neu ky hieu m |( la ky vnng toan (tri so trune bu.-u cua v tn viot: 

m ( , = M{yJ . ' (3-22Mt 

Don ve mot phia. ta co: 

Mini,, - y (t } = 0. < 

Bleu thtfc (3-230i tUctng Ung vm .dt-a « ; en toi tfu nen angorit thick nghi 
se co dang: 

dniJt) 


dt 


= - V\(t) [m } Xt> - y, t (t)] 


( 3 - 231 » 


f 


yet) 


4'3-t 


mjX) 


/s c 3 


y 


Angorit (3-231) cd the thtfc 
hien diidc bang cac phan tu gian 
don nhif -au. 

Tit (3-231) ta cd th£ vidt: 
dm„(t) 

T 3 (t) —-— + m |( (t) = y, f (t), 


dt 


Hlnh 3-08. 


ilia 1 'a 


1 

y^lt) 


(3-232) 


Do la mot khau quan tinh cd hang so thoi gian bien ddi theo quy luat 
nghich d&o vdi y(t) (h.3-95). 


Xdc dinh phuvng sai 

Theo (3-220), (3-229): a 2 = M{(y„ - m,,) 2 }. 
Don ve mot phia ta cd: 

M ( o „ 2 - (y„ - ni,,)-> = 0, 
va angdrit thich nghi cd dang: 
da„ 2 (t) 


dt 

Til (3-235) ta cd 


T d (t) 


= *■ y 4 (t)[<7 1 /(t) - (y v - m v r) 


do,,-' t 

dt 


■n (MV 


(3-233) 

(3-234) 

(3-235) 

* 3- 236) 
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Sd do thtfc hidn cd 


cau xac dinh phddng * l_- 

sai nhd d h.3-96. Trcf 
lai v6i bai toan dat ra, 
ket hdp cd angdrit 
(3-227), (3-228), 

(3-231) va (3-235) ta 
co so do thiic hi£n 
angorit co van no'i tren nhd d h.3-97 



Hlnh 3*9*. 


Tit dieu kien toi itu (3-225) ta co: 





















Nhu vAy trong ltfdng (gia tri) cua thong tin ty le ngtfqc voi d0 tAn (sai 


so). 


K^t hop v6i (3-226) ta co: 


X N 1 


rS 

2 .-=1 


= 1; X = 


1 


N 1 

s 


: c,. = 


■'= I <7* 


0 N 1 

<V< 2 —) 

v=i a„ 


Sai so co bAn dtfdc xac dinh bdi (3-224): 


1 


, N , , In cr ,. 2 

02 = 2 c k“ <V = --— 2 —- =--— 

k= 1 N 1 ,k=l cr L . N 1 y 

(2 -T >- 2 -T 


v= | cr. 


v= 1 o , 


Trong trtfcmg hop thong tin co sai so nhtf nhau: 

t 2 ■> , 2 ^1 ^ 

a," = cr-* = = a*,"; ta co: o =— va c L , = —. 

N N 


III.4.3*8. Bcii todn quy hogch h6a kho tAng l6i iru 

L Khdi niem 

Quy hoacb toi tfu kho tang la xac dinh khdi ltfong sAn pham, trinh ttf 
cung cap va nnic do dtf trtf cua kho tang nhAm thoa man nhu cau sAp t6i sao 
cho tdn that la it nhat. 

Dtf trtf nhieu thi tdn that do cAt gitf ldn, dtf trtf thieu thi dinh tr£ sAn 
xuat. 

Vi du, ta co mot kho d£ chda va xuAt hang, Hang den kho d nhtfng thefi 
diem gian doan. Sau khi dat hang L don vi thdi gian thi hang se den. 

Nhu cau ve hang tifc la khdi ltfong hang can trong mot don vi thdi gian 
dtfdc xac dinh befi cac dieu kien ben ngoai kho tang va khdng phu thuoc khdi 
ltfong hang trong kho. Khi kho lam viec thi chi phi bao gbm chi phi chuan bi 
vu ket thuc cong viec. gitf gin kho tang va nhtfng tdn hao do ddt do. 

Hieu quA cong viec cua kho la do di£u kien lam vi$c cua no (nhu cau 
hang, thdi gian dat va nhan hang ve kho L, dac diem ve chi phi trong don vi 
thdi gian v.v .) va chinh sach dat hang. Chinh sach dat hang la xac dinh khdi 
ltfdng hang va thdi diem dat hang chAng han. Vi du ltfong hang can dat la q 
khi ltfdng hang trong kho den mtfc ngtfcmg p (h.3-98). Quy hoach kho tang 
trong trtfdng hop nay la xa< djnh chinh sach dat hanj; ’xac dinh cac tri so toi 
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i . r s.a q ) sao cho 
thoa man mat chi 
tieu quy hoach toi Uu 
nao do. Thong 
thudng nhu ck u x(t) 
la kh6ng biet trudc - 
la mot qua trinh 
ngiu nhi£n ma dac 
tinh thong ke cua no 
duqc xac dinh bdi cac 
dieu kien ben ngoai 
(cong vi£c cua cac xt 
nghi£p khac, tinh 
hinh thi tracing 
v v ' 



Hlnh 3-9B. 


Chi ti£u quy hoach tdi tfu co th£ dtfde chon bang ky vong toan (tri s6 
trung binh) cua ton tha; trong don vi thcfi gian. Tri so trung binh dUdc tinh 
kho&ng thdi gian [t n , t u + T] gitia hai lhn nhap hang. V£y vectd dat hang la: 

c = <p, q> (3-237) 

ion nao trong thdi gian [t y t Q + T] ma t () dupe tinh tif thdi di£m hang 
nh&p vao kho, co dang sau: 

F(x, c, T (x, c)). (3-238) 

T la thdi gian gifia hai l&n nh&p kho, la dai lUdng ngiu nhidn. Ph4n b6 

cua T tiiy thuoc vao vectd dat hang c va ph£n bd cua x(t). Cho n§n, dang 

chung cua chi tieu quy hoach toi Uu la: 

J(c) = M x {F(x, c, T(x, c))>. (3-239) 

va nhiem vu cua bai toan la chon vectd dat hang c = c* sao cho J(c) dat ciic 


2. Angant quy houch loi uu 

De dl hieUj ta khdo sat trddng hdp cu the va gi&n ddn, doi vdi dang 
chung (3-239). 

Nhu cau x(t) la mot qua trinh nglu nhien, difac gi& thi£t \h diing, co ky 
vong toan bang r. H&ng dUdc nh&p vdi khdi ltfdng q xem nhtf la ttfc khac, 
thdi gian cham sau tif khl dat den luc hang d£n lh L: cac he so ton thal do 
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d£t do: d, va ltfu kho: h - xi nghi&p da biet sau m6t thdi ky hoat dfing. 

De gi&n don bai toan, ta gi& thiet nhu cau x(t) co quy lu|Lt tuy&n tinh 
nhu 6 h.3-99 


x(t) = 


I(t 0 ) - I(t n + T) 


T 


(3-240) 


I(t) la luong 
hang 6 th bi diem t. 
Va cung de giAn dcm 
hon nua bai toan ta 
kh&o sat tracing hdp 
cac chu ky nhap 
hang vao kho la co 
dinh (T = const). 

Nhu vay (3-238) 
co dang: 

F(r, c), (3-241) 



ft day c- lUdng h^ng can nhap; r- lUdng ti£u thu trung binh trong chu ky T. 


Ham ton that (3-239) co dang: 


J(c) = / F(r, c) p(r)dr = M(F(r, c)} -*> min 
R c 


(3-242) 


p(r), la mat dd ph£n bo cua nhu cau, no 
ton tai nhung khong biet dUdc. V£n dfe dat ra 
la xac dinh lUdng nhap hang tdi Uu sao cho ton 
that la be nhait. T8n that bao g&m: 


F(r, c) = Ri(T) + R 2 (T). 

trong dd R,(T) t<5n th3t thha do nhap qua 
nhieu so vdi nhu cau: 

r) c > r 

0 < r 


{ h(c 
R t (T) = { 

1 0 


R 2 (T)- ton that do hang thi£u, dinh tre 
shn xuat: 

f 0 c > r 

R 2 (T) = 

1 d(r - c) c < r ~ 




Mlnh 3-100. 


Nhu d h.3-99, giai doan dau 0 < t < T cd ton that thieu, giai doan hai: 
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T -<t S.T cu ton that tniia va a giai doan ctioi cung 2T < t <3T ltfcfng hang 
ah ip la loi mi. 

Kay gib (3-242) co dang cu the? hcfn: 

c 00 

J(c) = h / (c - r) p(r)dr + d/ (r - c) p(r)dr (3-243) 

0 L 

Dt£u kien t6i iiu: 

d-J , c 

- = h / p(r)dr - d / p(r)dr = 0. (3-244) 

dc o c 

Them va bdt d bi£u thtfc (3-244) cung mfit dai lupng: 

X 

h J p(r) dr, (3-245) 

c 

(3-244) co dang: 

C DO oc oc 

hj p(r)dr + h/ p(r)dr = d/ p(r)dr + h/p(r)di (3-246) 

H C C L 

Til do rut ra: 


h = kl + h)/ p(r)dr. (3-247) 

c 

oc 



(3-250) 

W - rd\ cua (3-250) la ky vong toan Minh 3 . 101 . 
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cu& ham (3-249). Lilu y la (3-250) xu£t phdt tit dieu kidn t6i itu (3-244) ndn 
('3-250) dita vfe dang din thi£t: 

h - 

M{l(r - c)-) = 0 (3-251) 

d + h 

va ta co angorit thich nghi dang (3-102): 

f h i 

c[n] = c[n - 1] - y[n] jl(r[n] - c[n - 1])- \ (3-252) 

1 d 4 h J 


So do khoi nhu d h.3- 102. 


Vdi lifdng hang tidu thu r d d&u vao, vdi so lieu 

da cd, angdrlt sS cho ta 
luong hang c&n nhhp tdi 
tfu c* 0 moi l'&n d£ ton that 
la nho nh2t. Angdrit 
(3-252) la trilcing hop 
rieng cua *.« noach hoa tdi 
\iu »Aeo chi tieu tong quat 
1,3-239). ling vdi chi tieu 
tong quat v3-239) ta cd 
angorit tong quat iihit sau: 


d + h 
h 


cha xi nghidp 


r[n] 
(-) 


|-1 

—&> -‘ r[n] - 1 


[n-,] 



Hlnh 3-10 2. LJ 


■-Inj - c[n - 11 - y[n]V t P(x[n], c[n - 11, T(x[n], c[n - 1])) (3-253) 

neu ham F(.) khh vi va angorit cd tin hieu tim: 

o(n] = c[n - 1] - y[n]V c± F(x[n], c[n - 1], 

atnl Wn], c[n - 1], a[n]» (3-254) 


neu kh6ng tien xac 3inh V C F(.). 

Bai to'in quy hoach trong difeu kidn han ch£ nhu ngubn nguydn lidu, nang 
1 thdi gian va khong gian la nhung bai toan thitdng g£p vh phdc tap khi 

gihi quy£t, phdc tap cj each dat van d£ cua bai toan quy hoach va dieu khien 
trong dieu kien khong xac. djnh. 
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Kdt ludn 


Dieu khidn toi tfu va thich nghi la nhiing v£n d§ thiicmg gap trong khoa 
hoc ky thu&t va ddi sdng. 

Trong tap sach n&y tac gid da h£ thdng lai nhiing v£n dfc co b&n, nhiing 
va'n de ma rat nhieu c6ng trinh, sach bdo dfe c£p d£n theo nhi&u gdc d6 va 
quan didm khac nhau. 

Ly thuyet va ky thu$.t dng dung la hai mat rua mot stf phat tri£n. Nhiing 
nam g&n d&y, toe d6 phat tri£n nhanh nhii vu bao cua ky thu&t tmh da gidi 
quyet. dude nhidu van de ma tnlctc dly chi xem \k ly thuyet don thuan, dbng 
thdi co the dat ra nhiing van de mdi doi hoi stf phat tridn hop tac lien ngdnh 
cua nhi£u linh vtfc khac nhau. 

Nhiing van d£ co b&n cua ly thuygt di&u khid'n ttf ddng lu6n phat trien, 
tren co sd ay nhidu phiidng hiidng mdi xu&thi&n, nhtfng bki toan vfe dn dinh 
va ch&t liiong luon "trd mai khdng gia" [34] 

T&P aach chac khdng tranh khoi sai sdt v tac gid rat edm dn sii giup do 
va gop y eda ddc gid. 
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PHU LUC 


Xac dinh J vdi n = 1, 2, 3, 4, 5 

1 J* b( P )b(-p) 

J = - J -dp 

2;rj -joc d(p)d(-p> 

b(p) = b n _ ,p n + b n ^ 2 p n ~ 2 + ... + b„ 
d(p) = d n P n + dn-jpH' 1 + ... + d C) 


J = 


2d n d, 


vdi n = 1: J = 


b^d„ + b 0 2 d 2 ^ 


2d„d,d 2 


vdi n = 2 


b 2 2 d (l d[ + (b, 2 - 2b 0 b 2 )d 0 d 3 + b„ 2 d 2 d, 

J = - vdi n = 3 

2d ( ,d^-d n d 3 + d t d 2 ) 

b 3 2 (-d 0 2 d 3 + d 0 d jd 2 ) + (b 2 2 - 2b ) b 3 )d n d 1 d 4 ( + (b t 2 - 2b o b 2 )d 0 d 3 d 4 


J - 


2d, 1 d 4 (-d, > d 3 2 - d, 2 d 4 + d,d 2 dO 
b, 2 (-d,d 4 2 + d 2 d 3 d 4 ) 


2d 0 d 4 (-d 0 d 3 2 - d, 2 d 4 + d|d 2 d 3 


vdi n = 4 


J = 


2A< 


[b 4 'm 0 + (b 3 2 - 2b 2 b 4 )m 1 + (b 2 - 2b,b 3 + 2b n b 4 )m 2 + 


4 j 


+ ' b l 2 

- ?h bAtm +b 2 m 

l S ( » 


1 

m 0 = 

— (d 3 mj - d,m 2 ); 
d, ' 

m t = 

-d c d 3 + d,d 2 ; 

m 2 = 

-d.As +, d id 4 ; 


1 

m 3 = 

—(d->m 2 - d 4 mj); 

d n 


1 

m 4 — - 

— (d 2 m 3 - d 4 m 2 ); 


= d n (d 1 m 4 - d 3 m 3 + d 5 m 4 ). 
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